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SEED  DEVELOTUMT  IN  THE  GEIJUS  PEPBROMIA . 


The  aTonomial  embryo   sac  is  doubtless  the  most  in- 
teresting fea.ture  of  the  developjnent  of  the  ovule  and  .seed 
in  the  genus  Peperomia .  The  first  sixteen-nucleate  erabryo 
sac,  found  in  Angiosperms ,  was  that  discovered  by  Campbell 
(6)  in  1899,  in  Peperomia  pellucida.  Johnson  (31),  in  1900, 
first  described  the  origin  and  development  of  the  endosperm 
in  P.  pellucida  .  He  shov;ed  that  the  iriature  embryo  sac  of 
this  species  contains  one  egg,  one  sjmergid,  six  nuclei  which 
are  cut  off  singly  about  the  periphery  of  the  sac  and  v/hich 
finally  degenerate,  and  eight  nuclei  viaich  fuse  to  form  the 
endosperm  nucleus.  Campbell  (7)  in  1901,  confirmed  the  work 
of  Johnson  in  all  these  features,  except  the  number  of  syner- 
gids ,  which  he  thought  might  often  be  two.   Schnegg  (65)  in 
1902  reported  a  sixteen-nucleate  embryo  sac  in  Gunner a,  a 
genus  of  the  Haloragidaceae  not  at  all  closely  related  to 
Peperomia  of  the  Piperaceae.  Johnson  (33)  in  1902,  shov;ed 
that  two  species  of  the  closely  related  genus  Piper  have 
tj'-pical  eight-nucleate  mature  embryo  sacs.   In  1907,  Johnson 


(35)    described  a  nev;  type  of  mature   embryo   sac   in  Peperomia 
hispidula,   which  likewise    contained   one   egg  and  one  synergid, 
but   in  TA^iich  all  the    remaining  fourteen  nuclei   fuse   to   form 
the   endosperm  nucleus.     Ernst    (21),    in  1908,    reported  a  six- 
teen-nucleate   sac   in  Gunnera  macro phy  11a  .        In  1908  Ero?/n    (4) 
reported   for  tiiree  more   species   of  ?eperomia   embryo   sacs   es- 
sentiall;^  similar   to   that   of  P.  pellucida^   and  also    discover- 
ed evanescent   v.-alls   follovring  the    first   and   second  nuclear 
divisions   in   the  sac.     Miss   Stephens    (70),    in  1909,   described 
sixteen-nucleate   embryo    sacs   for  three  different   genera  of  the 
Penaeaceae,  a  family  not   closely  related  to   the  Piperaceae  or 
the  Haloragidaceae.     Modilewski    (51  and  53),    in   1909   and  1911, 
found  sixteen-nucleate  sacs    in  two  species   of  the  Euphor- 
biaceae,   v;hich  again  are   not    closely  related  to   any  family 
in  which  this   type  of  embr^'-o   sac  had  hitherto  been   found. 
Johnson    (36),    in  1910,    reported  a  typical   eight-nucleate 
sac    in  another   species   of  Piper .      Samuels    ( 60) ,    in  1912, 
extended  the   work  of  Schne^^g  and  of  Ernst   on  the  genus   Gun- 
nera . 

Since   1899,   sixteen-nucleate  embyro    sacs,    in  which  the 
arrangement   of  nuclei   differs   considerably  in  the   different 


species  nave  been  lo-ona  to  occur  in  at  least  a  nalr-dozen 
genera,  distributed  among  tour  very  distantly  related  fami- 
lies oi  angiosperms. 

In  pursuit  of  additional  evidence  upon  the  signi- 
ficance or  the  aDnormal  embryo  sac  in  the  genus  Peperomia, 
a  study  of  the  development  or  several  species  not  hither- 
to investigated,  was  undertaken.   The  species  studied  were: 
P.   reflexa  A.  Dietr.,  P.  verticillata  A.  Dietr.,  P.  scandens 
Ruiz  et  Pav.,  P.  metallica  Lind.  et  Rod.,  P.  Fraseri  var. 
resediflora  C.  EC,  P.blanda,  H.,  B.,  et  K.,  P.  galioides 
H.,  E.,  et  K.,  and  F.  Langsdorrrii  Kiq.. 

Piper  tuberculatum  Jacq.. ,  an  arborescent  Sj:.ecies 
belonging  to  a  very  closely  related  genus,  was  also  examined. 

Alost  or  the  material  used  in  this  study  was  from 
Jamaican  plants.    It  was  in  part  collected  from  living  plants 
in  Jamaica"^  and  in  part,  -  the  cnief  portion  -  from  Jamaican 
plants  growing  in  tne  greenhouse  or  tne  Johns  Hopkins  univer- 
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The  material  was  collected  and  fixed  at  Cinchona  by 
Professor  U.  S.  Johnson  on  visits  made  to  Jamaica  in  1903, 
1906,  and  1910.   The  exjjedition  of  1902  v/as  aided  by  a  grant 
from  the  Botanical  Society  of  America,  tnat  or  1906  from  the 
Bacne  Fund,  and  tnat  of  1910  from  The  Johns  Hopkins  Uni- 
versity. 
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sity  at  Horaev70od,   v/hich  were  "brought  T3ack  by  tlie  Johiis  Hop- 
kins University  Botanical  Ejcpedition  of  1910. 

The  plants   of  ?eperomia  scandenj^,   Peperomia  Lan^s- 
dorfii  ,   and  ?iper   t u"b e r c u la t im^ ,   from  Vi^aich  flower-spikes   viere 
collected,    were  directly  determined  "by  Tr .  Casimir  de  Candolle 
from  portions  of  the  plants   sent    to  him.      The  plants   of 
Peperomia  reflexa.^   P .  verticillata,   P .  metallica,  P.  "blanda , 
and  P.   galioides «   were    carefully   compared  with  herbarium 
specimens    of  these  species,   v/hich  had  been  determined  by 
the  same   authority.     The  material  of  P.   Traseri  var .  resedi- 
flora ,   the  only  remaining  species   studied,   was   obtained   from 
a  plant,   labeled  P.   resedaeflora ,    in   the    greenhouse   of  the 
'Pflanzenphysiologisches    Institut"in  ITunich. 

The  material  v;as  killed  and   fixed  in  medium  chromo- 
acetic,    in  acetic  acid  and  absolute  alcohol,   or   in  Plem- 
aiing's    fluid.     The  first  mentioned  was   generally   the  uost 
satisfactory. 

The   stains  used  v/ere  Haidenhain's   iron-alum  haematoxy- 
lin,    count erstained  in  Orange  G.    ;      and  Tlemming's   triple. 
The   former    combination  v;as   more   satisfactory  for  the  younger 
stages,    vdaile   the   latter  vra,s   better    for   the   later   stages,    in 


which  the  embryo  and  endosperm  were  formed. 

For  the  sake  of  clearness,  each  species  vail  be  de- 
scribed separately,  after  v/hich  tlie  general  considerations 
will  be  taken  up . 

THE  DBVELO?IQi;tTT  07  PEPEROMIA  REELEXA  A.  DIETR. 

Peperomia  reflexa  A .  Pietr . ,  being  typical  of  the 
series  of  Peperomias  studied,  mil  first  be  considered  some- 
what in  detail.  Part  of  the  material  of  this  species  vas 
collected  on  rocks  at  5000  ft.  elevation  nee.r  Cinchona,  v;here 
it  grew  on  the  dry  south  side  of  the  Blue  Mountains  of  Ja- 
maica, Host  of  the  material,  however,  was  collected  in  the 
greenhouse  of  The  Johns  Hopkins  Universitj'-  at  Homev/ood.  One 
of  the  greenhouse  ple.nts  had  been  brought  from  Jamaica,  and 
the  other  had  been  collected  by  Professor  C.  J.  Cliajaberlain 
in  Llarch,  1908,  at  Xalapa,  llexico. 

The  flower  in  this  species  consists  of  tv/o  stamens  and 
a  single  carpel,  which  is  sessile  in  the  axil  of  a  peltate 
bract  (Pig.  !$).  These  bracts,  which  are  homologous  with 
leaves,  rather  closely  resemble  in  shape  the  peltate  leaves 
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of  some   species   of  this   genus    (i.e.   those   of  P.   ari folia) . 

There    is   no   evidence    —  not    even  rudiments    —   of 
calyx  or   corolla.     The   flovrers   are  borne  upon  a   terminal 
spike,   ■Khich  measures   about    15   -  25  inm.   in  length  and  1.5-2,0 
mm.   in  diarieter  .     The   flov/ers  are  arreuiged  in  such  a  close 
cylindrical   spiral  or  helix  that  a   cross-section  of  the   spike 
frequently  shows    from  five  to   seven   flov.-ers    in  almost   the 
same  plane  .      In  the  early   stages   tiie   flowers   are   completely 
covered  by  the   overlapping  bracts,   the  upper  edge  of  each 
bract  being  outside,   —  a  necessary  result  of  the  acropetal 
mode  of  development   of  flo'/rers   and  bracts   on  the   spike.     In 
each   carpel  is  borne  a   single,  orthotropous   ovule,   with  a 
single  integumant    (]?ig.   1^),     The   sessile   stignia,   vith  its 
numberous   finger-like  papillae,    is   limited  to    the   anterior 
or  lower  part  of  tlie   carpel,  the   stylar   canal  opening  just 
above   the  stignia. 

The  bracts   and  their  axillary  flo'/zers  have   their 
origin  in  the  periblem  and   their  development,    so    far  as   ob- 
served, very   closely   coincides   vath  that    described  by  Schmitz 
(64)    for  P.  urocarpa   Pisch.   et  I^'ey .    (   P.   ionophylla  Griseb.) 

The   flowers  are   not   only  initiated  in  acropetal  sue- 
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cession,  "but  they  reach  maturity  in  the  Scune  order,  there 
"being  a  great  deal  of  difference  "betv/een  those  at  the  base 
and  those  at  the  apex  of  the  spike,  especially  in  the  earlier 
stages  of  development.  In  this  character  the  floivers  of 
Peperomia  are  to  "be  distinguished  from  those  of  the  genus 
Piper  in  so  far  as  the  species  examined  in  this  study  are 
concerned.  In  the  latter  the  flowers  originate  acropetally 
on  the  spike,  hut  they  all  reach  maturity  at  practically  the 
same  time , 

As  is  characteristic  for  all  xerophytic  species, 
seen  "by  the  ivriter,  each  flower  with  its  subtending  bract  is 
suP-k  in  a  depression  in  the  inflorescence  axis  ,  The  depth  of 
the  depression  may  practically  equal,  or  even  slightly  ex- 
ceed, the  heiglit  of  the  ovule  ;   and  this  relation  obtains 
without  much  change  from  the  time  tlie  primary  archesporial 
cell  is  differentiated  up  until  about  the  time  of  pollination. 
About  tiiis  time  the  nucellus  begins  to  increase  in  size  by  the 
development  of  perisperm,  and  the  diamond-shaped  border  of  the 
cup  increases  in  height  around  the  developing  fruit,  until  at 
maturity,  the  fruit  projects  about  one-third  of  its  length 
(I'ig.  S£).   Sometimes  the  margin  of  the  cup  extends  out 


practically  as    far  as    tiio  outer   end  of  the   ripe   fx-uit.     The 
borders   of  these   cups    constitute   ridges   hetvreen  the    flowers, 
and  the   tops    of  these  ridges   and  also   the  peduncle   of  the 
spike  are   rather   thickly  beset   with  simple,    sharp-pointed 
hairs    (Pig.  -4^).     These  hairs   each   consist  of  four  to    eight 
cells,   including  the   basal  cell,   arrsjiged  uniserially,   and 
measure  from    ,15  mm.   to    .30  mm.    in  length.     Among  these  hairs 
on  the  rachi's  and  on   the  peduncle  of  the  spike,   and  also    on 
the   carpels   and  bracts,    there   are  glandula,r   trichomes   each 
consisting  of  three   cells,    —  a  basal   cell  belonging  to    the 
epidermis,   a  short   stalk-cell  and  an   enlarged  terminal   cell 
which  usually  has   the   shape   of  a  much-flattened  obla-e   sphe- 
roid        or   door-knob    (Fig.  4©=).     As  Eaberlandt    (26,   pp.   444- 
455)    suggests,    these   trichomes   probeibly  serve   for   the   ex- 
cretion of  u-ater    (as   hydathodes ) ,   or  at   lea,st   for  the  absorp- 
tion of  water.     According  to   Solereder ( 69 ) ,  hydathodes   of 
this  kind  occur  not  only  in  Peperomia,  but   also    in  the  re- 
lated genera,    Saururus  and  Piper . 

Large   oil-cells   are  present    in  the   rachis ,   bracts, 
and    carpel .     Starch  grains   are  abundant   in  the  rachis   and 
bracts  . 


-9- 

Tlie   cinthers,   as    in   all  other   species   of  Peperomia, 
are  'bilocular.      The  masses   of  archesporium  in   the   stamen, 
when  fully  differentiated,   shov;  about   twenty-five    cells    in 
cross-section.     The   tapetum,   which   is   organized  very  early, 
consists   of  a   single   layer   of  cells  .     This   layer   entirely 
lines    the  pollen   sac,  and   thus    completely  surrounds    the  male 
sporogenous   tissue.     At    first   it   is   rather   thin,   hut   the 
cells   increase   in  size  until  they  are   quite  large,   reaching 

their  greatest   relative   size  ahout   the   time  of  the    forma- 
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tion   of  the   tetrads   of  microspores    (Pig.  4*^)  .     The  walls 

of  the  pollen  sacs   are   three    cells   thick,    —  the   epidermis, 
the   endothecium,   and  a  more   or  less    complete   and  very  thin 
layer   inside   tiie    endothecium.      This    is   exclusive   of  the 
tapetum.     The  microspores   are   formed  hj'-  the   time  that   the 
prime.ry  archesporial   cell   in  the  nucellus   of  the   same  flov;er 
has    cut   off   the  parietal   cell.      The   v^lls   of  the  micro- 
spores   Iffli'iiediatelj''  hecome    somev/hat   thickened.     The  micro- 
spores,  which  are  uninucles.te  at   first,   "become  hinucleate   he- 
fore  the   nucleus   of  the   emhryo   sac  mothr3r-cell  of  txie   sajne 
flower  divides.     The  Tails   of  the  pollen  grains   increase   in 
thickness,  and  hecom.e  roughened  on  the  outside.     Their  nuclei 
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do  not   diYide   further   before   germination.     The  aiciture  micro- 
spore is   therefore  binucleate,   and  no    cross-wall  is   formed 
betv/een    tlie  nuclei.     The   tapetum  and   the   thin  layer  of   cells 
just   inside   the   endothecium  have  practically  disappeared  by 
the  time   the  microspores  have  become  binucleate,  and  the 
endothecium  has  become  fully  developed.     The   pollen  is    shed 
sometime  after   the  embryo   sac  of  the  same   flov/er  becomes   eight- 
nucleate  and  before  it  becomes   sixteen-nucleate .     This  is 
later  than   it   occurs    in  ?.  pellucida    (Johnson.    51).     Very   fev/ 
pollen-tubes  were   seen,  and  none  of  those   seen  v/ere   in   good 
condition.     The   details   of  the   germination  of  the  pollen 
were  not  made  out . 

The    embrj'-o   sac   and  seed   develop  in  a  manner   closely 
similar   to    that  described  by  Campbell    (6  and  7)   and  by  Johnson 
(31)   for  P.  pellucida .     The  primarj''  archesporial  cell  is 
single     and     subepidermal  (Pig.   1).      It  divides   to   form 

a  tapetal   cell,   and   the  definitive  archesporial   cell,      or 
the   embryo   sac  mother-cell,   as   it  has   sometimes  been  called, 
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The  definitive   archesporial   cell   is   to   be  distin- 
guished  from  the  primary  Archesporial   cell   v^ich   is   the 
parent   of  the  definitive   archesporial   cell  plus   the   tapetal 
or  parietal   cell. 
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(Pig.   2).       At   the   tme   of  this   division  of  the  primary 

archesporial   cell,    the    integument  has   growi  about  half-v/ay  up 

to   the  apex  of  the  nucellus  .     The   tapetal   cell  by  repeated 

division  gives   rise   to   a   cap   of  parietal   cells.     This    cap  of 

tapetum  becomes   tv/o  or   three   cells    thick  before   the   nucleus   of 

the   embryo   sac  mother-cell  divides,   and   three   cell-layers    in 

3 
thickness    is   about   the  limit   of  its   development    (Pig.  \) , 

The   reduction  of  chromosomes   probably  occurs    in  the 
first   tv/o   divisions   of  the  nucleus    of  the   embryo    sac  m.other- 
cell,  as   is   indicated  by  the  presence  of  synapsis   before  the 
first   division      (Eig.    5).      In   this   respect   the   behavior   is 
the   same  as   that   reported  by  Johnson    for  P.  hispidula. 

The  nucleus   of  the   embryo   sac  mother-cell  divides 
to   tv/o    (Pig.    6),   and   these   tv/o   divide  to   four  nuclei    (Pigs. 
7-8),   which  usually  at   least  are  arranged  tetrahedrally,    - 
ti^at   is,    the   four  nuclei   occuvy  the   four   corners   of  an  im- 
aginary'' tetrahedron    (Pig.   7).     The   central  part   of  the   embryo 
sac,   from  this   stage  onvra,rd ,   is   occupied  by  a  large  vacuole. 
As  was    shovm  by  JBroTOi    (4)    in  P.   Sintenisii  and   in  ?.  arl folia, 
and  by  Bro^An  and   Sharp    (o)    in  Epipactis ,   the  nuclei  resulting 
from  the   first   two   divisions   of  the  nucleus  of  the    embryo   sac 
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mother-cell   are   frequently  separated  bj'-  more   or  less    com- 
plete rudimentary  or   evanescent  walls    (Pigs.    6  and   S) .        It 
is  possible  that   these   rudimentary  walls  are  always   foi-med 
folloiving  the   first   tv/o   divisions   of  the  nucleus   of  the    em- 
bryo  sac  mother-cell,   but   that   they  are  so   evanescent   that 
they  are  not   often  seen.     ITo    case   vas    found   in  v/hich  the 
wall   follovvlng   the   first    division  had  persisted  until  the 
second  division,   and   the   via.lls  following  the  second  divi- 
sion,  so    far  as   observed,   always  disappeared  before  the 
third  division  in  the   embryo    sac. 

Each  of  the  first    four  nuclei   divides,   giving  rise 
to    eight  nuclei    (Pig.   9),   Tilhich  are   scattered   in   the  periph- 
eral  layer   of  cytoplasm  surrounding  the  large   central  vacu- 
ole .     Ilo  signs   of  separating  vra,lls   were  seen  at   this  stage. 

Each  of  these   eight   nuclei   divides,   thus   giving  rise 
to   sixteen  free  nuclei   in   the  embryo   sac,   distributed   in  the 
same  v/ay  as   were  the   eight    (Pig.   10).      Soon  after   ti-is    stage 
is   reached,   a  portion   of  the   cytoplasm  near   the  micropyle,   to- 
gether with  a  nucleus,    is    cut   off  by  a  wall   from  the  rest 
of   tiie  sac,   and  becomes   the  oosphere  or  egg   (Pigs.   11-1tj)  . 


■13- 


A  sraaller  portion  of  the  cytoplasm  very  near  the  egg,  to- 
gether vrith   a  nucleus,  is  cut  off  "by  a  wall  and  "becomes  a 
synergid,  the  only  one  formed  in  tlae  sac  (Pig.  1^).   It  is 
probahle  that  the  egg  and  synergid  arise  from  sister  nuclei, 
hut  no  definite  evidence  for  this  was  seen.  Of  the  remain- 
ing nuclei,  a  nuirhsr  varying  from  six  to  eight  in  different 

emhryo  sacs,  is  cut  off  singly  from  the  rest  of  the  embryo 

/J 

sac  hy  saucer-sliaped  walls  (Pig.  ^) ,     A  snail  portion  of 

cj'-toplasm  is  cut  off  vath  each  of  these  nuclei.  These 

peripheral  nuclei,  as  they  were  called  by  Johnson  (31),  taJce 

no  further  part  in  development  and  finally  degenerate,  being 

crushed  hj   the  developing  endosperm.  The  remaining  nuclei, 

varying  from  six  to  eight  in  different  embryo  sacs  ,  become 

grouped  together  usually  near  the  center  of  tlie  embryo  sac 
//  /2 

(Pig.  =fe4-)   and  fuse  to  form  the  endosperm  nucleus  (Pig.  ^^)  . 

The  num.ber  of  nuclei  taking  part  in  the  formation  of  the 
endosperm  nucleus,  and  consequently  the  number  of  peripheral 
nuclei  left  over,  may  vary  to  a  greater  extent  than  to  the 
limits  observed.  The  endosperm^  nucleus  is  formed  in  essen- 
tially the  Scime  m.anner  as  that  of  P.  pellucida  (Johnson,  31). 
The  embrj^o  sac  evidently  enters  upon  a  resting  stage 
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after   four  nuclei   are    formed  and  before  these   divide   to 
eight  .     This   is   indicated  by  the   fact   that   a  ixcuch  larger  pro- 
portion of  four-nucleate   sacs   are    found  in   the  preparations 
than  of  two-nucleate   or  eight -nucleate   sacs.     A  number   of 
slides,    containing  all   stages    fron  the   definite  archesporial 
cell   to   the  mature   embryo    sac,   were   carefully  looked  over, 
and  an  accurate    count  made  to   determine   this   proportion,   v/ith 
the   following  result:      Six  two -nucleate   sacs,   thirty-five   four- 
nucleate   sacs,   and  seven  eight -nucleate   sacs.     The   signifi- 
cance  of  this  relation  will  be    considered   in  the   general  dis- 
cussion. 

In  nearly  all  cases,  which  were  at  a  stage  where 
this  could  be  deter-ained,  it  was  observed  that  the  endo- 
sperm nucleus   divides    before   the  male  nucleus   actually  fuses 
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with  the  nucleus   of  the   egg    (Pigs.  -ii-l&-)  .      In  most   instan- 
ces, however,   the  inale  nucleus   was  present   in  the   egg,    ^'iiere 
it  usually  remains    for  some   considerable   time   before   fusing 
with  the   egg  nucleus.     The  presence  of  the  male  nucleus    in  the 
embryo-sac  may  produce  a  stimulus   viiich   causes   the   endosperm 
nucleus   to   begin  its   development  .     This    vrould  seem  to   be   in 
accord   vdth  Czapek's    (15 ,p.   127)    statement    that   the   swelling 
of   the   ovary,    in  plants,   after  pollination,    is    caused  by  cer- 
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tain  soluble  sulsstances  (Hormones )  emanating  from  t/ie  pollen, 
Tiie  first  division  of  the  endosperm  nucleus  and  all  subse- 
quent divisions  of  the  resulting  endosperm  nuclei  are  mitotic, 
as  is  shovm  hy   the  presence  of  typical  spindles,  etc.   It  is 
true  that  the  equatorial  plate  is  very  "broad  in  these  spin- 
dles, a  condition  prohahl:/  correla,ted  v/ith  the  px-esence  of 
the  large  nun-oer  of  chromosomes  contributed  "by  the  six  or 
eight  constituent  nuclei  fuaing  to  form  the  endosperm  nu- 
cleus, "but  this  vra.s  not  determined  "by  counting. 

Each  division  of  the  endosperm  nucleus  is  followed 
"by  a  cell-'.vall,  from  the  start,  —  the  first  wall  "being  par- 
allel with  the  long  axis  of  the  fruit,  or  nearly  so  (Eig. 

/3 

■^r£)  .     The   endosperm   continues   its    development  until,   in  the 

mature   fruit,   there   is  a  mass   showing  a"bout   twenty-five    cells 
in  median   longitudinal  section    (Eig,  44^),   and  Vihich   is  usu- 
ally almost   spherical   in  shape   except   for  the  depression    in 
the  micropylar  side   occupied    oy  the  undifferentiated   embryo. 
The  nucleus   of  each   cell  of  the  endosperm  usually  contains 
several  nucleoli,    the  number   observed  varying  from  one   to 
six. 

After  the  male  nucleus  has   fused  mth  the  nucleus   of 
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the    3gg,    the   development   of  the    embryo   begins.      The   ferti- 
lized  egg  divides   to  a  two-celled  ejabryo  ,   by  a   wall   longitu- 
dinal to   tlie   nucellus    (Fig./5").     The    cells   of  the    embryo    con- 
tinue  to  multiply  until,    in  the  app^^rently  nature   seed,    there 
are  about    twenty   cells    in  a  median   longitudinal  section.        The 
mature   embryo    shows  no   differentiation  externally   in  any  Ya,y 
except  that    it   is   somevdiat   flattened  on   the  micropylar  side. 
"So   suspensor   is   formed,   and  there   is   no    indication  of  coty- 
ledons  or  other  organs    (!Pig.  **)  . 


THE  DEVSLOPMElNrT  Qg  PEPEROMIA  VERTICILLATA  A.  DIETR . 

Peperomia  verticillata  A .  Dietr  . ,   as  used  by  de_  Can- 
dolle    (9),    is   listed   in  the   Index  Kev/ensis   as  ?.  pulchella  A. 
Dietr.,   while    the  name  P.  verticillata  A .  Dietr.   is   given  as 
a   synonyDi  in   the  latter   vrark. 

Part   of  the  material   for  the   study  of  this   species 
was    collected  near  Cinchona,   Jamaica,    viiere   the  plants   grew 
on  rocks   and  trees,   at   an    elevation  of  5,000  feet.       But  most 
of  the  material  vjas   collected  in  the  greenlaouse   of  The  Johns 
Hopkins  University  from  two   plants   which  had   been   brought   from 
Jamaica . 
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The   flower-spikes   of  P.  verticillata_  average    fully 
tliree  times   as   long  as   those   of  P.  reflexa.   with  a  range   of 
tv/o   to  nine    centimeters    in   length.     They  are  much  less   fleshy, 
and  this    condition,    together   with  other    characters   of  the  plant, 
indicate   that    it    is   less   strongly  xerophytic   in   structure  than 
the  species    first   considered.     The   flowers,  which  are  very 
similar  to   those   of  P.   reflexa,  are  not  nearly  so    closely 
crowded  on  the  mature   spike,   but  are   loosely  scattered  along 
the   axis.     The  bracts,   trichones,   and  oil-cells  of  the    in- 
florescence axis    resemble   those   of  the    former  species.      In 
this   species    the  starch   grains   are  strikingly  abundant   in 
the  bracts . 

The   development   of  the    stamen  and  pollen  shov/ed  no 
essential  difference   from  that   of  the   former  species,  al- 
though the   tapetal  cells   were   larger  and  more   conspicuous 

20 
here    (Pig.  4?^)  . 

The  development   of  the   carpel  and  ovule   from  the  dif- 

II 

ferentiation  of  the  primary  archesporial   cell    (Tig.  4#)   to   the 

practically  mature  fruit    is   essentially  the  same  as   in  P. 
reflexa,   except    for  some  anomalous   cases  ,  which  vail  be   de- 
scribed later.     The  nucleus   of  the   embryo   sac  mother-cell 


-18- 

sliows   synapsis   before   it  divides.     Evanescent   walls   frequent- 
ly more  or  less    completely  separate   the  nuclei    in  the  two- 
nucleate  and  four-nucleate  stages   of  the    era"bryo   sac.  XHL^.    "'i'')'. 
The  mature   erabri'-o    sac   contains    sixteen  nuclei    (Fig.  ±8^)  .     An 
egg  and  one  synergid  are   cut   off  from  the    rest   of  the  sac. 
Of  the  reTQo,ining   fourteen  nuclei,   at   least  six  are    individual- 
ly cut   off  as   peripherals,    and  at   least   six  others    fuse  to- 
gether to   form  the   endospena  nucleus  .      There   can  be   very  lit- 
tle doubt   that   the    combined  nmnber  of  peripheral  and   endo- 
sperm nuclei   is   fourteen  as    it   is   in  ?,   reflexa,   and   the  num- 
ber of  each  probabl;/  varies,   as    it   does    in  that   species. 

As    in  P.   reflexa,   relatively  many  more   four-nucleate 
embryo    oacs   were    found  that   two -nucleate   or  eight -nucleate 
ones    ;      thus   indicating  tha,t   there   is   a     resting     stage  after 
the  sac   becomes    four-nucleate. 

The  abnormal  lobing  of   the   ovules    is    the  most  inter- 
eating  feature   in  the  development  of  this   species.     A  very 
large  percentage   of  the   ovules   do    not    develop   in   the  manner 

typical   for  this    genus,  but   become  more   or  less    lobed    (Pigs. 

29-27 

S^^)  .     The    carpel,    v/nich   encloses   an   abnormal   lobed  ovule, 

seems  altogether   normaA.     The   irregularity  is   confined  to 
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the  nucellus   and  integument   v/ithin.      Instead  of  the  simple, 
ellipsoidal  ovule,  usual    in  Peperomia,   we   often  have  a   tv/o- 
lobed   structure,   one  lobe   developing  an   embryo   sac,    and  the 
other  usually  remaining  sterile    (!Figs.^^)  .        The  notch  be- 
tween  the   fertile   and  sterile   lobes    does   not   extend  clear 
to   the  base  of  the   ovule,   but   only  about   one-half  to   three- 
fourths   of  the  distance    (Pigs.   13-l-»^)    —   so  that   this   lobing 
may  be   looked  upon  as   a   forking  or  branching  of  the  ovule, 
somewhat   similar   to   that   reported  by  Hofmeister    (30)    in  I'orus 
alba. 

The  sterile   lobe  is   generally  larger    than   the  fertile 
lobe,    so    that  less    than  half  of  the  tissue   of   the   ovule 
takes  part    in  the   formation  of  the  seed.     The   fertile   lobe 
is   the   only  part   of  the  ovule   irfiich  develops   an   integument, 
(I'ig^.   la-'SQ ) ,   and  this   integument  may  vary  greatly.      In  nor- 
mal, unlobed  ovules    the    integument    is  two   cells    thick  except 
at   the  apex  v/here   it    is   thicker  around   the  micropyle.      In  the 
abnormal,   lobed  ovules,    it    is  frequently  more   than   two   cells 
thick,   and   is   usually  irregular   in   shape,  and  it   is  often 
more   or   less   incomplete.     The  fertile   lobe   develops   into  a 
ripe  seed,    vvJiidi   is  more  or  less  deformed  by  the  presence   of 
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the  sterile  lobe.  The  latter  may  cause  a  flattening  of  one 
side  of  the  seed,  or  there  may  be  a  depression  in  one  side  of 
the  seed  due  to  its  presence  (Fig.-^^),  The  sterile  lobe 
is  al^reays  more  or  less  cut  up  into  smaller  lobes  (PigS.^i^, 
and  this  subdivision  is  extremely  irregular  and  often  very 
complex.   The  sterile  lobes  often  contain  large  oil-cells, 
which  are  regularly  found  in  the  carpels,  bracts,  and  rachis, 
but  are  not  present  in  the  normal  ovules,  nor  in  the  fertile 
lobes  of  these  lobed  ovules. 

Frequently,  in  young  ovules,  one  or  more  of  these 
sterile  lobes  appear  potentially  able  to  form  an  embryo  sac, 
as  indicated  by  its  shape  and  its  affinity  for  certain  stains, 
and  sometimes  by  the  presence  of  cells  which  appear  to  be 
sporogenous  in  character.  In  f:.ct  a  few  cases  were  found 
in  v;hich  two  lobes  of  the  ovule  v/ere  fertile,  each  having  an 
embryo  sac  and  a  separate  integument.   But  no  ovule  was 
found  in  which  more  than  one  embryo     had  been  initiated. 
In  this  respect,  the  phenomenon  resembles  the  similar  abnor- 
mality in  ITorus  alba  (Hofmeister^  30),  in  which,  in  all  the 
investigated  cases,  the  ovules  aborted  after  the  egg  appa- 
ratus vas  formed , 
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The   flower-spikes,   which   showed   this  abnormality,   v/ere 
all  obtained   from  the  two   plants    in   the   greenhouse  at   the 
Botanical   Garden  of  The  Johns  Hopkins  University,     ilo    such 
cases   were  found   in   the  Janacian  material.      It   may  be   con- 
cluded that    the   greenhouse   environment  was   responsible   for 
the  phenomenon,   but  this   seems    improbable  when  v/e   take   into 
consideration   the    fact   that   almost   nothing  of  this  kind  v\ras 
seen   in  the   half-dozen  other   greenhouse    species,   which 
were   studied   in  detail.     On  one  plant  of  P_.  verticillata, 
which  grew  in  the   greenhouse,    nearly  one-half  of  the  ovules 
were  of  this  lobed   sort.      In   fact,   in    some   spikes   of  this 
plant   every   ovule  was   lobed  or  branched.     On  the  other  plant, 
a  very  much  smaller  proportion  of  the   ovules   showed  this   ab- 
normality. 

Whether  these  abnormal   structures  have   more   than  a 
teratological  significance   is   difficult  to   determine.     Their 
relative   abundance  may   indicate  that   they  have  some  phylo- 
genetic   sugf^stion.      It  may  be  an  approach  to    a   condition  of 
more   than  one  ovule   in  a   carpel,  and  may  be  of  atavistic   sig- 
nificance . 

More   than  one   ovule   in  a   carpel  was    the  prevailing 
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condition   in  the  ancestors   of  the  Piperaceae,    if  the    theory  of 
Lotsy   (43)   or  of  Hallier    (28),   be   accepted,    for  both  of  these 
authors   believe  that    the  Piperaceae  have   descended   from  the 
llagnoliaceae .     Of  this   latter   family  of  ten   or   eleven   genera, 
all  but   one    (Illicium)  have  more  than  one  ovule   in   each   car- 
pel.    And   the   same   thing   is   true,    if  we  accept   the  phylogene- 
tic  viev.7  erihod.ied  in   the   classification  of  the  ±iigler-Gilg 
Syllabus    (18,  p.   157).      The   Saururaceae ,   viiich  according  to 
that    grouping  is   the   lowest   family  of  the  Piperales,   has 
multiovulate  carpels,   and   the   carpels  of  certain  of  the   Cas- 
uarinaceae,   the   family  next  below  the  Piperales,   luay  sometimes 
contain  tv/o   ovules  . 

Schwere    (66),    v.'orlcing  on  Taraxacum,    found  a   case   in 
virhich  two   embrj^o    sacs   developed   in  one  nucellus,   each  giv- 
ing rise   to    a  noniial   8mbr::,^o  .     Phylo genetically   considered, 
he  pointed  out   that  v/e  have  here   one  megasporangium  vjith  tv/o 
megaspores ,  and  he   considers    it  an  atavistic   appearance,   an 
illustration  of  Hofmeister 's   ingenious   and  masterly  work  on 
the  genetic   relationship  between   Phanerogams   and  Cryptograms , 

Hofmeister    (30)    considered   the  abnormal   division  of 
the   nucellus   in  I-Torus  alba  as  a  monstrosity,   altiiough  it  was 
of   frequent   occurrence.     The   cases  of  LTorus   differ   from  those 


-23- 

of  Peperomia  in  that  the  two  parts  or  lobes  of  the  nucellus 
of  the  fo liner  are  always  "both  enclosed  "by  the  sarae  inner  in- 
tegument, v\hile  in  the  latter  the  tv;o  parts  or  lohes  of  the 
nucellus  are  never  enclosed  hy  the  same  integument. 

Eraun  (3)  refers  to  these  cases  of  Uorus.  (Plofmeister. 
30),  as  false  polyem'brj'-ony  (unachten  Polyembryonie ) «  and  they 
have  "been  so  classified  "by  later  authors  (Ernst ,  19  ;   Coulter 
and  Chamberlain ,  14).  The  reason  for  this  is  not  plain,  for 
thei'e  is  no  statement  in  Hofmeister  's  brief  description  that 
any  embryos  were  really  initiated.   Since  no  case  v/as  found 
in  P.  verticillata,  in  v/hich  more  than  one  embryo  was  ini- 
tiated in  the  ovule,  it  is  inappropriate  to  consider  this 
a  case  of  polyembryony  or  pseudopolyembryony ,as  it  has  been 
called . 

In  Coffea  arabica,  Hanausek  (29)  found  actual  poly- 
embryony, as  he  called  it,  in  v/hich  two  to  three  embryos  were 
formed  in  branches  of  the  nucellus,  one  embryo  developing  in 
each  branch.  The  abnormal  branching  of  the  nucellus  in  Co f f ea 
resembles  that  in  P.  verticillata,  although  the  storage  mate- 
rial in  the  former  is  endosperm,  uhile  in  the  la,t  ter  it  is 
chiefly  perisperm. 
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This   case   of  Coffea  a.nd.  the  one  of  Taraxacum,  mention- 
ed above,   and  other   similar  cases  have   been   classed  under 
pseudopolyembryony  by   later   writers,  but    since  they  are   cases 
of   the  occurrence   of  more  than  one    embryo    in  a  single  seed, 
no    good  reason  is  apparent    for   calling  the  phenomena   false 
polyembryony .      It   is   true   that  these    cases,    in  v^iich  more 
than  one  embryo  arises   in  one  nucellus,    —  each  in  a   separe,te 
embryo   sac,    —  are   quite   different   from  the   ordinary   cases   of 
polyembryony    ;      but  they   do   not  differ  from  them  in  the   es- 
sential  character    (or   fact)   of  polyembryony,   that   is,  the 
initiation  of  more  than   one   embryo    in  one   ovule. 

Tv;o    ovules,   each   surrounded  by  a  septirate  inner   in- 
tegument, and  each   containing  an  embryo    sac,   and  both  inside  a 
common  outer   integument,  were   described  and   figured  by  Schacht 
(61,   PI.   Ill,    Pig.   18)    in  Orchis  Morio.     Braun    (3)   was  of 
the  opinion  tJiat   these   twin-ovules,   as   he    called  them,   arose 
by  division  of  the  nucellus,   rather   than  by  a  grooving  to- 
gether of  two  nucelli.     Ke  \ra,s   led   to   this  viev/  by  the  appear- 
ance  inside  of  the   comjnon  outer   integument   of  tv/o    entirely 
separate   inner   integuments , 

In  Monotropa  Kypopitys ,    Schacht    ( 61 ,   p  .  40 )    found  a 


quite  similar  case,  in  v,=iaich  two  en"bryo  sacs  filled  v/ith  endo- 
sperm were  surrounded  by  a  single  simple  integument. 

The  case  of  Orchis  latifolia,  described  and  figured 
by  Schleiden  (63,  p.  599,  PI.  6,  Pig.  2),  is,  as  suggested 
by  Stras burger  (72),  doubtless  to  be  interpreted  'in  the  same 
way  as  Schacht  's  tvan-OTmles  in  Orchis  Uorio  (61). 

Strasburger  (72)  described  a  case,  similar  to  that 
found  in  Orchis  Llorio ,  in  a  closely  related  orchid,  Gymnade- 
nia  conopsea,  in  which  each  of  the  tvro  embryo  sacs  already 
contained  an  embryo  . 

Luerssen  (44)  mentioned  a  similar  case,  which  he 
found  in  Iris  sibirica . 

V/hile  the  abnonnally  branched  or  lobed  ovu.les  in 
Peperomia  verticillata,  Ilonotropa,  ITo rus  ,  Co f f ea ,  Iris  , 
Gymnadenia ,  and  Orchis  all  resemble  each  other  in  the  occur- 
rence of  two  embryo  sacs  in  one  nucellus,  —  there  are,  with 
respect  to  the  integuments,  at  least  four  different  classes: 
(1)   That  represented  by  Peperomia  in  which  each  fertile  lobe 
of  the  nucellus  has  an  independent  single  integument,  (2) 
That  represented  by  Monotropa  in  v/hich  both  embryo  sacs  were 
surrounded  by  the  same  single  integument,  (3)  That  repre- 


-26- 

sented  by  Iforus,   the   ovules   of  iriiich  have  tv/o   integuments,    in 
v/hich  both  embryo        sacs   v/ere  v/ithin  the  same   inner   integu- 
ment,   (4)   That   represented  by  G::,armadenia  and  Orchis   in  lAihich 
each  lobe  has   a  separate    inner   integument  but  both  lobes   are 
within  a   comjnon  outer   integument.      It   seems    that    in   cases 
like  Ho rus   and  Monotropa,   we  have   tvra    gametophytes   developed 
within  a   single  megasporangium,   although   divided  or   forked, 
for   it   is  still  all   inside   of  the  single   integument   or   in- 
side the    inner   integument,    if  there   be  two.     And   it  may   be 
but   a  step    from  this   to    cases   like  Peperomia  a,nd  Orchis «   vdiich 
if  they  have  more  than   teratological  significance,   probably 
either  represent  an  approa.ch  to   a  condition  of  more  than  one 
ovule   in  a   carpel,   or   they   constitute  atavistic  appearances 
of  a   similar   condition. 

PEPEROMIA    SCAITI^BITS  RUIZ  ET  PAV. 

The  material   for   the  study  of  Peperomia  scandens 
Ruiz   et  Pav,  was   a.ll   collected,    in  the    greenhouse   of  The 
Johns  riopkins  University  at  Homewood,    from,  a  plant,    vdiich  v/as 
brought    from  Janaica.      In   its   native  habitat,    the  plant    com- 
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monly  grov.-s   at  low  altitudes   as   an  epiphyte  upon  the   trunks  of 
trees  . 

The   flower-spikes   of  P.    scandens  are  aliou.t    the   same 
length  and  aloout   the   saiae  diameter  as   those   of  P.   reflexa .     The 
most   ohYious   differences  ai-e    that   the  mature   fruits   of  the 
former  are  hardly  at  all   sunk  in  the  axis,   while   those   of  the 
latter   are   deeply  sunken    (Figs  .  .^1-133) ,  and   that  the   fruits 
of  the    former  have   long,    curved   beaks,   Vvhile    the  latter  have 
only  very    short   straight  heaks .      The    carpel  of  P.   scandens 
is   sessile   in  the   axil  of  a  peltate  bract,    which    closely  re- 
sembles  that   of  the   two  preceding  species  .     Up  to   the    six- 
teen-nucleate   stage   of   the   embryo   sac,   the    carpel   is   sunk 
in  the   spike  to   such  a  depth  that   the  stigma  and  beak  of 
the   carpel  barely  project  outside   the  surface.         At   this 
stage,   the  stalk  of  the  bract   is    entirely   sunken  in  a   sepa- 
rate  cavity  just   below  the  one    containing  the    carpel,    —  only 
the   shield-like   top   of  the  bract  being  outside.     It   is   not 
until  after   the  embryo    sac   is  mature   that    the  developing 
fruit    is   pushed  out  .      The   flowers   and  consequently  the   fruits 
are  just  about  as  much  crowded   in   this    species   as   they  are 
in  P.   reflexa.     There  are   no  hairs    on  the   rachis  betv/een  the 
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flowers   as    there  are   in  P.   reflexa,   "but  there  are  a    few  on 
the  peduncle   of  the    spike.     The   absence  of  hairs   on  the 
rachis,    together  with  the  exserted  fruits  and  thinner  epi- 
dermis,   indicates    that   this   species   is   less  xerophytic   than 
P.   reflexa  .      In  all   essential  particulars    the   flov/ers  and 
fruits   of  P.   scanden^s   closely  resenhle    those   of  the   tv^o   pre- 
ceding species  . 

In  the  development   of  the    stamen  and  pollen,    this 
species  very  closely  coincides  with  that   of  P.  yerticillata « 

The  development  of  the  carpel  and  ovule  from  the  dif- 
ferentiation of  the  primary  arcbesporial  cell  to  the  practi- 
cally mature  fruit  is  essentially  the  same  as  in  P.  reflexa . 
The  nucleus  of  the  embryo  sac  mother-cell  goes  into  synapsis 
before  division.  Evanescent  walls  frequently  appear  between 
the  nuclei  follovdng  the  first  and  second  divisions  in  the 
embryo   sac    (Figs.   Ufl 'CO) .      The  mature   sac   contains   sixteen 

nuclei,   of   viiich  one  becomes   the   egg  and  one  becomes   the 
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single  synergid    (Pig.  %%)  ,     Of  the  remaining  fourteen  nuclei, 

a  ntimber  varying  from  six   to   nine   are   cut  off  as   periphers,ls , 
and  there    is   little  doubt   that   the   endosperm  nucleus   is  made 
up   by  the   fusion  of  the  remainder   of  the   fourteen,   although  in 
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many  cases   the  number    could  not   be  positively  determined. 
The   difficulty  in   detsriiiining  the   exact  number  of 
nuclei   \ihich  fuse   to  make  up   the   endosperm  nucleus    in  any 
species   of  Peperomia^   studied  by  the   "writer,    is    the   fact 
that  usually,   if  not   always,  a  part   of  the   nucleoli   fuse 
during  the  process   of  fusion  of  the  nuclei.     The   nucleoli   are 
excellent    indicators   of  the     number   of   component  nuclei  as 
long  as    they  remain  distinct.     But    it    is    comparatively  rare 
that   one   finds    in  his   preparations   complete  groups   of  fusing 
endosperm  nuclei,    in  which  no   nucleoli  have  yet    fUsed.      It 
is   true   that   the   lobes   of  the  endosperm  nucleus   and  the 
relative    size   of  the  nucleoli   can    frequently  be   relied  upon 
to    indicate  to   Y^hat    extent  fusion  has   proceeded,   but  not 
after   the   fusion   is   complete . 

A  resting  stage  evidently  occurs    in  this    species 
after  the   enbryo   sac   has   reac"  ed  the  four-nucleate   stage, 
as   shov/n  by  the   relatively  greater   number  of  four-nucleate 
sacs   than   of  two-nucleate   or   eight-nucleate   ones.        In  forty- 
two  ovules,   taken  at   random,   ten   tv/o-nucleate   sacs,    thirty 
four-nucleate  ones,   and  twelve   eight -nucleate   ones  were   found, 
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■  PEPERQMIA  IIETALLICA  LITTDEIJ  ET   ROT^TftAS  . 

The  material  for  the  study  of  Peperomia  met al- 
ii ca     Lind.   et  Rod.  was   o'ctained    from  a  plant    grovdng  in   the 
greenhouse  of  The  Johns  Hopkins  University  at  Ilomewood. 

In   the  origina,l   description  of  this   plant   by  Rodigas 
(59),    there   ^sas   no   description  of  the    flov;ers ,   and   it  seeros 
that  none  has   "been  published   since.      In   fact  Linden  and 
Rodigas  were  not  absolutely  sure   that  the  plant  was  a  Peper- 
omia,   although  thej'-  named   it  and  described   it  as   such.      The 
flowers,  however,    leave   no    doubt    that   the   plant  is  a  tr-ae 
Peperomia .     They  are  borne  on   a  spike,   v.-hich  varies   from  3,5    cm, 
to   7,5   CH,   in  length,  and  v.hich   is  rather   slender,    resembling 
that  of  P.  verticillata  in  size    ;     and  the  flowers  are   loose- 
ly scattered  along  the    spike  and  are  only  sligjhtly  sunken  in 
the  axis.     The  rachis   is   siiiooth  except   for  the  presence   of 
hydathodes   very   similar   to   those    in  the  other   species   of 
Peperomia.     The   flower      consists    of  two   stamens  and  a    single 
carpel,   the   latter  being  sessile   in  the  axil  of  a  peltate 

Dr.   Casimir  de  Candolle  writes  me    that   his  unpub- 
lished manuscripts    contain  a   diagnosis    of  this    species    in- 
cluding the   flowers. 
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"bract ,   which  very   closely  resernlDles   those   of  the  other  spe- 
cies  of  the  same   genus,    studied  hy  the   vrriter  .     The   anthers 
are  hilocular    ;      the   stigma   is   sessile  and  penicillate    ;      and 
the    carpel   contains  a  single   orthotropous   ovTile .      In   fact, 
the  whole   flower  and  all  its   parts    closely  resemble  those 
found   in  other  Peperomias , 

The   development   of  the    carpel  and  ovule   from  the 
differentiation  of  the  primary  archesporial    cell  up   to    the 
four-nucleate   stage   of  the   embryo   sac    is   essentially  the  sar^e 
as    that   observed   in  P.   reflexa.     The   nucleus   of  the   defin- 
itive archesporial   cell  or   embryo   sac  mother -cell   shows 
synapsis  before   division. 

A  striking  abnormalitjr  was   observed   in  this    species  . 
The   single  plant,    cultivated   in  the   greenhouse   of  The  Johns 
Hopkins  University,   when   flowering  in  the   autumn  of  1912,  bore 
only   four   or  five   spikes   each  of  v;hich  vra.s    interrupted  by  a 
zone  of  small  vegetative   leaves,  as    shov.Ti   in  Pig.  :®#.     Plowers 

are  borne   on   the   spike   both  above   and  below  this  zone  of 
leaves,   being  more   distant   from  each  other  just    above   the 
zone   of  leaves   than  they  are  belc"  it.      In  other  v/ords  ,    in 
the  arrangement  of  the   flowers,    the  part   of   the   spike  above 
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the   leaves   and  the  part   "below  the   leaves   each  resembles   a 
whole   normal   spike  of  this    species,    —   that   is,    it    is  rn.uch 
as   though  there   ^Jvas   one   normal  spike   above   another.      In  this 
respect   these  abnormal   interrupted   spikes   remind   one  of  the 
similar,    though  normal,   phenomenon   in  Callistemon,    the  in- 
florescence axis   of  v;hich   continues   to    grow  after   flowering, 
and  produces  a  zone  of  vegetative  leaves,   and   then  later 
another  zone  of   flov/ers ,  and    so   on.     An  approach  to   this 
condition   is  normally  found   in  Ananas   sativa,    in  which  the   in- 
florescence axis   continues   to   grow  and  produces  vegetative 
leaves   above   the  fruits  .     This   phenomenon  has   also  been   found 
as   an  abnormality  in  Pinus  ,  Larix  and  Rosa,  smd.  Qjpunti^u     But 
in  none  of  these   cases,   so    far  as   knov.Ti  to    the  vnriter,   is 
there  a  second  zone  of   flov/ers   formed,  as    there    is   in  Callis- 
tempn  and  in  Peperomia  met alii ca . 

Dr  .   Oasimir  de   Candolle  v/rites  me  that   these   inter- 
rupted spikes   are   not  present   in  his   two  herbarium  specimens 
0^  2.»  Eietallica,     And   further,   he  thinks   that    the  peculiar 
spikes    constitute  a  teratological   case,    of  viiich  he  has    found 
striking   examples   in   several   species   of  Piper,  and  also    in 
some  Peperomias  .        In  P.   ]?raseri   C .  DC .    (P.   resedaeflora  Lind. 
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et  Andr^)   particularly,   he  has   seen   some   spikes   in  v/hich  a 
few  sca,ttered  bracts  were   replaced  'bj'-  small  undeveloped  vege- 
tative  leaves  . 

At   a  subsequent  'blooming  of  the  plant    in  the   green- 
house at  Komev/ood,   only   six  of  the  abnormal   spikes   appeared 
while  at   least  twice   that   number   were  normal.     One  of  the  ab- 
normal ones   showed   the   small  vegetative   leaves   scattered   con- 
siderably along  the  axis. 

A   close   examination  of  the   inter iiipted  zone  shoves 
that   a  fev;  of  the   leaves   Imve    flowers   in   their  axils. 

The  v.Titer  believes   with  de_  Candolle^  tiaat    these  ab- 
normal spikes  have  only  teratologi cal   significance. 


PEPEROMIA  PRASERI   VAR.  RBSEDIELORA __C ,  DC. 

The  flower-spikes   of  Peperomia  leaser i  var . 
resediflora  C.  DC.    (    P.   resedaeflora  Linden  et  Andr^),   v.hich 
were  used   in  this   study,  were   collected  by  Professor  D.   S. 
Johnson  in  1901   in  the  greenhouse  of  the"Pflanzenphysiolo- 
gisches    Institut"in  Munich , 
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Tliis   species    is  peculiar   for  a  Peperpmia,    in  that   it 
has    compound  f  lower-spii:es  .      In  the   cenus  Peperomia,   which  com- 
prises   some   four  hundred  species,   nearly;-  all  have  the   flowers 
in  simple   spikes  .     But   in  this   species    the  flov/ers   are  home 
in   conical  panicles    ^-.Ith  a    central  axis  and  numerous  lateral 
"branches,   the   flowers   "being  sessile   in  the  axils   of  "bracts, 
and  limited   in  their   distrihution   to    the  tranches   of  the   in- 
florescence,   except   the   apical  portion  of  the   central   axis  , as 
is  usual  in  paniculate    inflorescences. 

The  development  of  the    carpel  and  ovule,    from  the 
definitive  archesporial   cell,   or   emhryo    sac  mother-cell 
stage  up  to   the  sixteen -nucleate   embryo   sac   stage,   coincides 
very   closely  vdth  that   of  P.    reflexa .      In  several    cases    rudi- 
mentary  or  evanescent   v;alls  were   clearly  visible   in  the   two- 
and   four-nucleate  sta.ges  . 


PEPEROMIA  BLMM  H  . ,   B  . ,   ET  K  . 

The  n^aterial   for  the   study  of  P.   blanda  H . ,   B.,    et  K. 
was   collected   in   the    greenhouse   of  The  Johns  Hopkins  Uni- 
versity at  Homewood . 
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The  development  of  the  enbryo  sac  from  the  embryo  sac 
mother-cell  stage  to  the  16-nucleate  stage  closely  resembles 

that  of  P.  reflexa.   Evanescent  walls  v.rere  seen  in  the  two- 
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and    four-nucleate   stages    (Pig.  -^t)  .     The  number   of  peripheral 

nuclei    cut   off  in  the  mature   sac   is  about   eight,  and  see-ns   to 
vary  above   and  below  that   number . 

This  species   differs    from  the   others    examined     in  this 
study,    in  that   the   stigma  is   both  above  and  belov;  the   exter- 
nal opening  of  the    atylar   Ccoial,   and   is  not   limited  to   the 
anterior  or  lower  part   of  the   carpel. 

Two  cases   were   found   in  which  the  ovule  was   lobed   in 
a  manner   similar   to  those   of  P.  verticillata .       And   three 
cases   were   observed   in  which  there  were  two   o'-niles   in  one 
carpel.     These  lobed  ovules   and  twin-ovules   doubtless  have 
the  sane  significance  as   the  lobed  ovules   of  P.  verticillata « 

Eaillon    (2,   p.   140)    calls   attention   to   an  approach 
to   the  anatropous    condition   in   the  ovules   of  this  species, 
and  states   that  the   ovule   is   inclined   toward   the  anterior 
side   of  the  ovary.     An  examination  of  a  nirmber   of  ovules, 
however,    shov/s   that   this   feature   is  not    constant.      In   fact, 
the  ovules   are  usually  inclined   toward  the  axis   of  the  in- 
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florescence,    tliat    is,    tov/ard  the  posterior   side   of  the  ovary, 
tut   the  micropyle  may  "be   either  anterior  or  posterior   to 
the  apex  of  the   ovule  . 

PE?BROMIA  GALIOIDES  H.,   B.,   ET  K. 

The  flower-spikes   for  the  study  of  P.   galioides  H ., 
B.,    et  K,   v;ere  collected   in  the   greenhouse   of  The  Johns 
Hopkins  University  at  Homewood .     The   plant,      from  "uhich  they 
were   o"btained,   was   collected  near  Cinchona   in  the  Blue  Iloun- 
tains   of  Jaraaica,  where   it   grew  on  the    crags  on  the  flank  of 
John  Crow  Peak . 

The  development  of  the  embryo   sac   from  the   stage  of 
the   definitive  archesporial   cell,   or   embryo   sac  mother-cell, 
to    the   sixt een-nucleate   embryo   sac,    is    essentially   the  same 
as   that  of  P..  ref  lexa .     Evanescent   walls   were   seen  in  the   four- 
nucleate   stage  , 

PEPEROMIA  LAUGSDORl^II  MIQ, . 
The  material  used   in  the    study  of  P.  Langs dorffii  IJiq. 
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was    collected   in  the   greenhouse   of  The  Johns  Hopkins  Uniyer- 
sity  at  Honewood  . 

The  development   of  the   embryo    sac,    from  the   embryo 
sac  mother-cell  stage  to   the   tv/o-nucleate  embryo   sac,    is   es- 
sentially the   same  as   that   of  ?.   reflexa.     Evanescent  walls 
were   observed  in  the  two-nucleate   embryo   sac. 


PIPER  TUBBRCTJLATUM  JACQ. . 

The   only  species   of  the  genus   Piper  examined   in  this 
study  was  the  arborescent    species   P.  tuberculatum  Jacg .     The 
flower-spikes   were  collected  from  a  tree  twenty  feet  in 
height,      \*iich   was   growing  in  the   forest   on  the   flanks  of 
John  Crow  Peak  at  about    5300   feet  altitude,   near   Cinchona, 
in  the  Blue  fountains   of  Jaioaica.     Part   of  the  material  was 
collected  and  fixed   in  June,    1906,   by  Professor  E .   S.  Johnson. 
The  remainder  vra,s    collected   from  the  same   tree  by  Mr.  Jonas 
Walker,   Caretaker  of  the   Cinchona  Gardens , at   intervals   from 
July  8  to  October   30,   1912,  and  as    collected   it  vra,s    immediate- 
ly put    into    a  solution   consisting  of  four  per   cent   formalin 
in  seventy  per  cent  alcohol,      in  v/hich   it   remained   for   several 

^The  formula  for  this   solution  v/as   kindly  furnished 


to  me  by  r*r .   Charles   J .   Chamberlain 
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weeks  ,  until   it  \ms   sent,  and  Tiiile   on  tlie  vra,y,    from  Janaica 
to   Baltimore.      It  vra,s   then   run  up   through  the  alcohols  as 
though  it  had  been  fixed  , 

In  this   species    the   flower    consists   of  four  stamens 
and  a   single  pistil,   v/hich   is  sessile   in  the   axil  of  a  ahort, 
club-shaped,  hairy  bract.     At   the   apex  of  the  ovary  there 
are  three   short   spreading  stigmas,   and  this   indicates   that 
the  pistil   is   compound,    consisting  in   its  morphological  ori- 
gin of  three   carpels.      In  each  ovary   there   is  borne  a   single, 
orthotropoas   ovule  v.lth  two    integuments    (I'ig.  S^)  .   The  an- 
thers are    four-locular .      There   is   no    evidence,    —  not   even 
rudiments,    of   Ccilyx  or   corolla.     The   flowers  are  borne   on 
long  slender    spikes,   v.hich   bear  a  close  resemblance   to    those 
of  many  Peperomias  . 

The   flowers   are    cloaely   crowded  on  the   spike,     "hile 
it    is  true   that    they  are   initiated  acropetally,    they  do   not 
reach  maturity  in  this   succession,   but  they  all  mc;.ture   at  prac- 
tically the  same   time.      In   this   latter  particular,   they  dif- 
fer  from  those  of  the   genus   Peperomia . 

The  development   of  the   embryo    sac   in  Piper   tubercu- 
latum is    closely  similar  to   that   described  by  Johnson   (33  and 
36)   for  Piper  medium.   Piper  umbellata,^,  and  Piper  betel  var . 
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mono  1  cum. 

The  primary  archesporial  cell  is  single  and  it  is 

in 

subepidermal  [li'ig.  rS:&) .      Tnis  cell  divides  transversely, 

the  upper  cell  being  a  parietal  or  tapetal  cell,  and  the 
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lower   cell  being  tiie  definitive  archesporial   cell    (Pig.S?). 

The  parietal  or   tapetal  cell  divides    to    form  a   layer   four  or 
five    cells   thick  in  the  nature  nucellus  ,     Tiie  definitive 
archesporial   cell  develops    directly  into    the    embryo    sac, 
without    cutting  off  any  megaspores  . 

The   nucleus   of  the   definitive  archesporial   cell,   or 
embryo   sac  mother-cell      (Fig. ■&#•),   divides   to   tv/o    (Figs.  S§^, 
and  these  two    divide   to    four  nuclei    (Fig.  j«#-)  .      These  di- 
visions  are   not   follov;ed  by  v/alls,even  evanescent   ones. 
The  nuclei   of  the  embr^'-o   sac  at  the  four-nucleate    stage  al- 
ways  have   the    linear  arrangement  or  a    close   api^roach   to    it 
(Fig.^^O:).        Not   a  single    case  of  tetrahedral  arrangement, 
as    is   found   in  Peperomie. ,   was   observed.  Bach  of  the  four 

nuclei  divides   once  more,    giving   rise   to    an   eight -nucleate 
embryo   sac,    \iiich    contains   an  egg,   two   synergids,   tv/o  polar  nu- 

clei,   and  three  antipode^ls    (Fig.  ^I*-)  .     Thus   it   very   closely 
resembles    those   found  in  other  species   of  Piper,   and  is   typi- 
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cal  of  those    found  in  the   vast   majority  of  angiosperms  which 
have  heen   investigated.      There  is   some   evidence   that  one  of 
the  male  nuclei   takes   part    in  the   formation  of  the   endosperm 
nucleus . 

flEICERAL  DISCUSSION. 

Whether   the  sixteen-nucleate   emhryo   sac   of  Peperomia 
is    to   be   regarded  as   primitive,   or  not,   depends  upon  the 
homologies   assumed  or  proven  for   the  various    structures   found 
in  this  unusual   type   of  embryo   sac.      In  viev;  of  this,  and 
since  no  axial  row  of  megaspores    is    formed,   the   first   ques- 
tion that  naturally  arises    is  whether   the    first    four  nuclei 
in  the  embryo   sac  are   the  morphological  equivalents   of  four 
megaspore  nuclei  . 

It   is  quite  generally  agreed  that  the  cells  of  the 
axial  row  in  the  nucellus   formed  by  the   division  of  the   de- 
finitive archesporial  cell   in  most   angiosperms  are  homolo- 
gous  with  those  having  a  similar  development   in  Gymnosperms, 
and   in  both   cases    they  are  almost  universally  knovm  as  mega- 
spores .        There  exists  a   further  homology,   although  not  quite 
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so  close  a  one  "between  the  megaspores  of  Angio sperms  and 
Gymnosperms  and  those  of  the  heterosporous  Pteridophytes  . 
The  tetrads  of  microspores,  also,  in  each  of  these  groups 
are  homologous  with  each  other,  in  a  slightly  different  de- 
gree, \vith  the  megaspores  in  the  same  group.   The  evidence 
for  these  vievv^s  has  teen  v;ell  presented  by  Strashurger (75 
and  75),  Overton  (56  and  57),  Juel  (37),  Kornicke  (41), 
Coulter  (13),  and  others. 

That  the  first  four  nuclei  in  the  embryo  sac  of 
Peperomia  are  homologous  vath  megaspore  nuclei  seems  equally 
clear.  The  follov/ing  facts  indicate  the  correctness  of  this 
conception  :- 

1,  The  cell,  the  nucleus  of  v5iich  gives  rise  to 
these  first  four  nuclei,  may  be  considered,  without  valid 
objection,  a  megaspore  mother-cell.   It  is  developed  in  the 
position  of  the  axial  row.   It  is  derived  from  a  single  pri- 
mary archesporial  cell,  ?liich  cuts  off  a  single  tapetal  cell. 
In  fact,  its  position  and  whole  antecedent  development,  being 
so  closely  similar  to  that  so  generally  found  in  angiosperms, 
constitute  a  strong  bit  of  positive  evidence  for  the  view- 
that  it  is  a  megaspore  mother-cell. 
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2.  As    is   evidenced  by  the  occurrence  of  synapsis 

in  the  nucleus   of   the   definitive  archesporial   cell,   preceding 
its    division,   the   two   divisions  ty  which  these  four  nuclei 
are  formed  are   the   reduction   divisions,    as    is    the  case    in  the 
tv/o   divisions  to   form   the  raegaspore  nuclei    in  all  other 
plants,   in  viiich  they  are   formed,    —  so   far  as    they  have  been 
investigated.      In  rare   cases    like  that   of  Alchemilla   specie sa 
(iTurbeck  54  and   55,    Strasburger  74),    in   vhich  apparent  mega- 
spore-formation   occurs    without   reduction  of  chromosomes, 
there   is   no   sexual   fusion   in  the   initiation  of  the    embryo 
which   is   later  developed  in  the   embryo   sac.        Therefore,   as 
Strasburger   contends,  such  abnormal   cases   cannot  be    consid- 
ered examples   of  true  megaspore-formation .     The  presence  of 
the  reduction   divisions    is   considered   by  some   v/orkers   as   suf- 
ficient  evidence   for  the   acceptance  of  the   theory  of  the 
homology  of  the  megaspores   of  angiosperms   vath  those   of  the 
gymnosperms   and  the  higher  pteridophytes  .      It    should  mean  as 
much  in  Peperomia  as   it   does   elsevjiiere   in  hetrosporous  plants  , 

3.  The  tetrahedral  arrangement  of   these    first   four 
nuclei  points  more   strongly  to   the  hom.ology  in  question 

than   does   the   linear   tetrad,   or  axial  row,   arrangement,   which 
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occurs  in  nearly  all  seed-plants,  "both  gymnosperms  and  angio- 
sperms,  —  since  a  tetrahedral  arrangement  of  the  microspores 
is  found  in  nearly  all  hetrosporous  plants  and  in  the  mega- 
spores  of  all  hetrosporous  pteridophytes  .  The  linear  tetrad 
of  megaspores  is  universal  in  the  Cycadales ,  the  Coniferales , 
and  the  Ginkgoales,  in  all  investigated  cases  knoAs?n  to  the 
writer  ;   —  hut  Juel  (37)  found  a  close  approach  to  the  tetra- 
hedral arrangement  in  the  megaspores  of  Larix  sihirica  as  a 
general  rule,  the  typical  axial  row  "being  seldom  found.  The 
tetrahedral  arrangement  of  megaspores  is  not  altogether  un- 
known in  Angiosperms  having  "been  observed  in  Patsia  japonica, 
by  Ducamp  (17).  Transitions  between  the  axialrowand  the 
tetrahedral  arrangement  have  been  observed  in  Aralia  racemosa 
by  Pucamp  (17) ,  in  Garcinia  by  Treub  (78) ,  in  BurBiannia 
champ io nil  by  Ernst  and  Bernard  (22) ,  in  Cynomorium  by  Juel 
(38),  and  in  Smilacina  stellata  by  HcAllister  (46).  The 
case  of  Smilacina  is  particularly  interesting  here  since  the 
four  megaspores  show  various  transitions  betv/een  the  typical 
axial  row  and  the  tetrahedral  arrangement.  I.Toreover,  after 
the  megaspores  are  formed  and  unmistakably  separated  by  walls, 
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the  walls  disappear.  The  megaspore  nuclei  nov;  "become  the 
first  four  nuclei  of  the  embryo  sac,  and  at  this  stage  they 
assume  the  tetrahedral  arrangement  very  similar  to  that  in 
the  four-nucleate  embryo  sac  of  Peperomia .  It  is  not  only  in 
Peperomia  that  the  first  four  nuclei  of  the  embryo  sac  are 
arranged  tetrahedrally,  but  this  is  likev/ise  true  in  all 
genera  in  v;hich  sixteen  free  nuclei  are  foi-m.ed  in  the  embryo 
sac,  —  namely  in  Gunnera ,  (Schnegf;,  65  ;  Srnst,  20  and  21  ; 
Modllev;ski,  49  ;   Samuels  60),  in  Sarcocolla  (Stephens  70, 
in  Bra chy siphon  (Stephens.  70),  in  Panaea  (Ster-hons,  70),  and 
in  Euphorbia  (TJodilewski ,  51,  52  and  53). 

4.  The  fact  that  the  tetrad  is  always  com-plete  in 
number  of  nuclei  in  Peperom.ia  makes  the  homology  seem  mther 
more  probable  in  this  genus  than  it  is  in  plants  in  v:hich 
the  axial  rov/  is  incomplete,  as  for  example,  in  one  consist- 
ing of  three  cells  instead  of  four. 

5.  Eleven  species  of  Peperomia  have  been  shov^n  to 
have  sixteen  nuclei  in  the  mature  embryo  sac.  In  addition  to 
the  six  here  investigated  are:  P.  pellucida  (Campbell,  6), 

P .  hispidula  (Johnson.  35 ) ,  ? .  Sintenisii  .  P .  arifolia.  and 
P.  ottoniana  (Brown,  4).  ITo  species  has  been  found  to  have 
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any  other   num'ber .     As   3ro  vji    (4)   points   out,   the  presence   of 
the  larger  number  of  nuclei    in  the  mature    embryo   sac  of  Peper- 
omia_,    than   in  the  sac   of  ordinary  angiosperms ,    is   in  harmony 
v;ith    the  viev;  that  more  megaspore  nuclei   are   concerned  in   the 
formation  of  the  Peperomia  type   of  embryo   sac. 

(6)      The   fact  that  all   four  nuclei   divide,   or   germi- 
nate,   cannot  militate  against   the  theory  that   they  are  homo- 
logous with  megaspore  nuclei,  because   there  are   cases   in 
which  raegaspores   are  undoubtedly  formed  and   in  v;hich  they  all 
germ.inate ,   —  that   i^,   the  nuclei   all   divide.     This   is   true, 
for  example,   in  Crucianella( Lloyd ^    42),    in   Smilacina  stellata. 
(McAllister,   46),  and  sometimes    in  Epipactis    .(   Broj«  and 
Sharp.,    5),     And   then  there  are  intermediate    cases   in  which 
one  or  m.ore   of  the  non-functional  megaspore  nuclei   divide, 
e .   g . ,   in  Cercis  siliquastrum.   Phaseolus  multiflorus ,  and  Ery- 
thrina   cristagalli .    —  all  three   investigated  by  Guignard 
(25).     Another   interesting  case  of  this  kind  vra.s   found  in 
Scilla    (McKenney ,   47 ) . 

(7).  That  all  four  nuclei  take  part  in  the  forma- 
tion of  one  embryo  sac  cannot  constitute  a  valid  objection 
to   the  view,   because  there   are   cases   where  megaspores   are  un- 
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doubtedly  formed,   in  which  all  four   participcte   in  the   for- 
mation  of  one   embryo   sac,  as    in   Smilacina  st  el  lata    (iTcAl  lister 
46),   and  sometimes    in  Epipactis    (Brown  and  Sharp ,    5)    ;      the 
vra,lls   follovdng  the    first   tv/o    divisions   of   the  megaspore 
mother-cell  being   evanescent   in  both  cases  .      In  the  former 
case   the  raegaspores   aire   frequently  arranged   in  an  axial   rov;, 
but  as   v/as  mentioned  above,   the  arrangement   is  very  often 
an  intermediate  stage   betv/een  the  axial  row  and   the   tetra- 
hedral  arrangement,    viiile   in  Epipactis   the  megaspores   alv/ays 
have  the  linear  arrangement . 

In  Euphorbia  pro cera  and  E.  palustris    (Llodilewski^ 
51   and  53)    and   in  the  Periaeaceae    (Stephens,   70),    the  quadri- 
polar   grouping  of  the  nuclei    in  the  mature   embryo   sac   fur- 
nishes  a   strong  bit   of  evidence  that   the  embryo   sac   in   each 
of  these  cases   is    a  composite  structure  derived  from  the 
equivalents   of  four  megaspore  nuclei.     The   same  may  be   true 
of  "Peperomia,   which  has   the  same   number  of  nuclei    in  the  ma- 
ture  embryo   sac,   even  though  the   nuclei   do   not  have    the   quadri- 
polar   grouping. 

(8)     Another  significant  piece  of  evidence   is   that 
there  is   a  resting  period  follov.lng  the  second    division   in  the 
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embryo  sac,  —  that  is,  follov/ing  the  four-nucleate  stage. 
This  v/as  observed  in  every  species  of  Peperomia  v,^ich  was  suf- 
ficiently studied.  As  is  well  known,  a  resting  stage  fol- 
io v;ing  the  forxaation  of  the  four  megaspores  is  almost  univer- 
sal in  plants.   So,  this  phenomenon  is  in  harmony  ?/ith  what 
would  be  expected, 

(9)  One  of  the  strongest  pieces .of  evidence  favor- 
ing this  view  is  the  appearance  of  evanescent  walls  follow- 
ing the  first  and  second  divisions  in  tJie  embryo  sac  of  Peper- 
omia ,  —  together  with  the  fact  that  these  vsalls  have  never 
been  seen  in  the  eight -nucleate  embryo  sac,  —  that  is,  fol- 
lowing the  third  division.  These  walls  were  first  reported 
ty  Brown  (4)  in  Peperoiaia  Sintenisii  and  in  P.  arifolia. 
They  have  been  seen  by  the  writer  in  seven  other  species  of 
?eperomia,  namely:  P,  reflexa^  P,  verticillata,  P,  scandens , 
P,  Eraser i  var.,  resediflora^  P,  blanda,  P.  Langs dorffii,  and 
Z*  galioi<3.es  .   Similar  evanescent  separating  walls  occur  in 
Smilacina  stellata  (McAllister,  46) ,  and  in  Epipactis  (Brown 
and  Sharp ,  5),  in  which  cases  it  is  plain  that  they  are  mega- 
spore  walls,  V/iegand  (81)  reports  an  evanescent  vail  between 
the  first  two  nuclei  in  the  embryo  sac  of  Convallaria,  in  T\±Lich 
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case   there   are  no    degenerating  megaspores  ,   "but    the   defini- 
tive archesporial    cell   forms    the   ombryo   sac   directly,   and 
this  wall  very  proTD£;,'bly  represents   a  mego^spore   wall.      In 
this    case,   hov/ever,    only   the  heterotypic   division   is    folio vred 
■fay  an  evanescent   wall. 

The   appearance   of  separating  walls   is,  hovrever,   not 
absolutely  essential    in  the  foi-niation  of  megaspores    in   cases 
where   it   is    generally  admit  ted   that  megaspores   occur,    e.   g., 
the  walls  usually   do   not   appear    in  Crucianella    (Lloyd,    42), 
and   in  Asperula    (Lloyd,   42),    and   sometimes   not   in  Eichhornia 
(Smith,    68),   and  Averia    (Cannon ,    10).      In   each  of  these   cases, 
however,   the  emhryo   sac   develops    from  a   single  megaspore  nu- 
cleus,   v/hile   the   others    degenerate,  regardless   of  the  absence 
of  v;alls .     But,    since   separating  walls    do    generally  appear 
between   the  megaspore  nuclei    in   other  plants  ,   their  presence 
^^  "Peperomia   certainly  strongly  favors    the  homology. 

Another   explanation   of  the  occurrence  of  these   walls, 
in  harmony  with   Campbell 's    (7)   view,   was    suggested  by  Bro\TO 
(4),  and  immediately  rejected.     He   s&irs:      "If  the   vails   cor- 
respond to    those  of  prothallial  cells,   we   should  expect   to 
find  them  in  the  third  division,   but  here  not   even  a   cell- 
plate  was   seen.     Besides    this,   the  nearest  phylo genetic  rela- 
tives   in  7/hich  the    first   divisions  of  a  megaspore   result   in 
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a   cellular   structure  are   found  among  the   leptosporangiate   Pili- 
cales,   where  hetrospory  is   supposed  to   "be  of  rather   late   ori- 
gin,  and   it   does   not   seem  pro  cable  that   Peperomia  has   reverted 
to    the   characters   of  an  ancestor  as    remote   as   one   in  vAiich  we 
would  find  the    first   divisions   of  the  megaspore   giving  rise 
to   a   cellular  structure." 

Since  the   separating  walls   occur   in  Peperomia   follow- 
ing the   first  and   second   divisions   in  the   embryo   sac   only, 
and  not  after   the   third  division,    it   is  difficult,    if  not 
impossible   to    conceive   of  any  satisfactory  homology  for   them, 
except  that  v.dth  the  megaspore  va,lls  of  other  angiosperms    ; 
that   is,    if   it   be   admitted,   as    is   so    generally  done,   that 
megaspores    occur  at   all   in  angiosperms. 

Prom  these    significant  relations    ;      •»  from  the   ori- 
gin of  the   embryo   sac   from  what   seems   clearly  a  megaspore 
mother-cell,   from  the  occurrence   of  the   reduction  division 
of  its   nucleus,   from  the   tetraJiedral  arrangement  of  the   four 
nuclei,    from  the   complete  number   in  the   tetrad,    from  the   rest- 
ing period  following   the   formation  of  the   tetrad,    from  the 
increased  nuinber  of  nuclei   in  the  sac,   and  from  the   appear- 
ance of  evanescent  walls,    —   from  all   these    facts    in  favor 
of  our  view,   together  with  the   fact   that   the    germination  of 
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all  four  megaspores  &nd   the  participation  of  all  of  them 
in  the  formation  of  one  sm"bryo  sac  do  not  constitute  yalid 
objections  to  the  theory,  we  are  very  strongly  inclined  to 
the  view  tiiat  the  first  four  nuclei  in  the  embryo  sac  of 
Peperoaia  are  the  equiyalents  of  megaspore  nuclei. 

This  theory  of  homologies  is  in  harmony  with  the 
classification  of  embryo  sacs,  by  recent  workers  (Ernst ,  20; 
Coulter,  13;   Samuels ,  60),  ^irith  regard  to  the  number  of 
generations  of  nuclei  from  the  beginning  of  the  reduction 

division  to  the  mature  sac. 

Text- 
Pig.  I  illustrates  diagrammatically  the  knowi  types 

of  derivation  of  the  mature  embryo  sac  from  the  definitive 
archesporial  cell.  The  order,  in  which  these  are  arranged, 
will  suggest  the  phylogenetic  sequence  in  v&ich  certain 
chief  steps  in  the  reduction  of  the  number  of  cell  or  nu- 
clear divisions  between  the  definitive  archesporial  cell  and 
the  mature  sac  may  have  occurred.   It  also  indicates  the 

number  of  degenerating  megaspores  fo2:^ed,  -p-here  any  occur. 

Texlr- 
In  the  type  illustrated  by^Fig.I  a,  there  are  five 

cell  and  nuclear  generations  (the  first  two  being  cell  gene- 
rations, and  the  last  three  being  nuclear  generations)  in 
the  development  from  the  definitive  archesporial  cell  to 
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spore  nucleus   dividing  twice. 

Text-  e 

In  the  type  illustrated  by  Pig,  I  «jL,  there  are  four 

generations,  one  cell-gsneration  and  three  nuclear  genera- 
tions, from  the  definitive  archesporial  cell  and  the  mature 
embryo  sac,  vjhich  latter  contains  eight  nuclei,  and  may  be 
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the  ^nature  emlDryo    sac,   v.iiicli  latter   is   of  the   common  eight- 
nucleate   type.      The   enlDryo    sac   is  here   indisputably  the  pro- 
duct  Ox   one  megaspore,    vAiich   divides    three  times. 

Text- 

In  the  type  illustrated  by  Pig. I  b,  the  case  is  si- 

Text- 

milar  to  that  in^Pig.I  a,  but  the  upper  cell  formed  by  the 

first  division  of  the  definitive  arches porial  cell  does  not 

divide  further.  The  embryo  sac  here  contains  eight  nuclei, 

and  is  again  clearly  the  product  of  but  one  megaspore,  v.hich 

divides  three  times . 

Text- 
In  the  type  illustrated  by  Tig. I  c,  there  are  only 

four  nuclear  generations  from  the  definitive  archesporial 

cell  to  the  mature  sac.   Since  the  first  two  of  these  nuclear 

divisions  are  followed  by  evanescent  cell-v;alls,  they  may 

be  regarded,  as  -was  pointed  out  above,  as  the  equivalents 

Tex-t- 

of  the  first  two  cell-generations  in  Pig.  I  ,a .  That  is,  they 

are  to  be  regarded  as  megaspore  nuclei,  and  the  mature  em- 
bryo sac  is  the  product  of  four  megaspore  nuclei,  each  mega- 
spore nucleus  dividing  twice. 

Text-     e 

In  the  type  illustrated  by  3?ig.  I  ^,  there  are  four 

generations,  one  cell-generation  and  three  nuclear  genera- 
tions, from  the  definitive  archesporial  cell  and  the  mature 
embryo  sac,  v^hich  latter  contains  eight  nuclei,  and  may  be 
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considered  to   "be  the  product   of  the  morphological  equivalent 

of  two  megaspore  nuclei,   each  dividing  twice. 

Text-  f 

In  the  type   illustrated  "bj'-  Pig.   I   ai ,   there  are    four 

generations,   two    cell  generations  and   two   nuclear,   from  the 

definitive  archesporial   cell  to    the  mature    emhryo   sac.     The 

sac  here   contains   four  nuclei   and   is    clearly  the  product  of 

one  megaspore,   which  divides   twice. 

Text-  5 

In  the   t^'pe   illustrated  "by^Pig.   I  X,   there   are  three. 

nuclear  generations    from  the  definitive  arciiesporial   cell  to 

the  mature   emhryo   sac,   which  latter   contains   eight   nuclei, 

and  may  he   considered   to   he   the  product   of  the  morphological 

nwclei 
equivalent   of   four  megaspore* ,    each  :aogaaporo_^ividing  but 

once. 

Text-  Vi 

In  the  type  illustrated  hj^  Pig.   I  $,   there  are  tnree 

generations,   one   cell-generation  and  tv/o   nuclear,   betv.-een  the 

definitive  archesporial   cell  and  the  nature   embryo   sac,   which 

latter   contains   four  nuclei,   and  may  be   considered   to    be  the 

niA.clei 
product   of  the  morphological   equivalent   of  two  megaspore^^, 

each  dividing  once. 

In  the   type   illustrated  by^Pig  I  X»   "^^^  case   is 

similar   to   the  preceding,    —  the  differences  being  that  ^^s:^ 

ytwtr  .evTi,i/tX.4>ca/^'i^..«e.^->«««-t>t<t/  ^tvuJ  yljt^e^yO-i^utiy  y-yv^/LycZt-O/i^ ^eL<^ruiA^<r>x/ 

iovrer   :uu.JLej.u^-4) r    Luu    L,.j,    ij-,...Q    i.iy   t'li'    i'ir'-i+    ni     i    in    r"   t^-r- 


^y^/fAyr^J^^AJ J  ynri!vc^cJ^  .^'Ci'eL'U-^  y<3yuiyljtyi^  ,-^/^t-»>,-^  ^ttiu^  /j-^x-o-t-^^^A/^-U^-^-t-tJ-^x^  £^r<*AyV^ 

^'r^Ti'ii'  i    iri   I  i-"j"'.  g  jji^o^'i  ~,1    roll,    dj^^iaiittidit  on  ,    jjiu  jUmd    ij  T    jlic 
uilj.'i?i"   oijs  ,    i..-^-"    lu    -M  J    iiuLJU    11    1:.    :.u '■    i.»i  I    uIT  l'^'    .,6- vvu.iLl-. 

If  v;e  accept  this  viev;  of  the  phylogenetic  sequence 
of  the  steps  in  the  reduction  of  the  development  of  sporo- 
genous  tissue,  it  is  evident  that  Peperomia  as  well  as  Oriii- 
tho£alum^and  Oenothera  illustrates  the  first  stage  in  the  ab- 
breviation of  the  development  of  negasporo genous  tissue. 
The  number  of  cell  or  nuclear  divisions  from  the  definitive 
archesporial  cell  to  the  mature  embryo  sac  has  been  reduced 
from  five  to  four . 

Prom  the  same  point  of  view,  Piper,  as  well  as  Lilium, 
Cypripedium.  and  Limnocharis  illustrates  the  aecorxd  stage  in 
this  reduction,  where  the  number  of  cell  or  nuclear  divi- 
sions from  the  definitive  archesporial  cell  to  the  mature 
embryo  sac  has  been  reduced  to  three. 

As  Miss  Pace  (58)  has  pointed  out,  if  reduction 
should  go  one  step  further,  we  should  have  the  condition 
present  in  the  matura.tion  of  the  animal  egg.  But  no  case 
shc.ing  reduction  of  the  female  sporogenous  tissue  to  two 
cell-generations  has  been  reported  in  plants  . 

It  may  be  added  that  no  unquestioned  case  of  more 
than  five  cell  and  nuclear  generations  from  definitive  arche- 
sporial cell  to  mature  embryo  sac  has  been  reported.  Dessia- 


toff    (16)   repoi'ted  a  Ccise   of  six  cell-generations   in  Euphorbia 
vir^ata,   but  ^lodilevvslci    (53)    later   got  different  results    viien 
working  on  the  same  species  . 

As  has   been  frequently/  pointed  out,   there  is  much 
more  variation   in  the  development   of  embryo   sacs   than  vra,s 
formerly  thought.     Coulter   and   Chamberlain    (14,   pp.   76-77) 
call  attention   to   the   great  variability  in   the   family, 
Liliaceae .        The  Podostemaceae  ^   also  show  much  variation,  as 
shoT,vn  by  ""'aiiL    (?n  f.iiij,   f:,f} )  ,       iT..  ii^  lTagnus(45)  .     Sometimes   the 
variability   is  very  grea.t   in  a  single   genus  . 

In  the  genus  Burmannia ,  Ernst  and  Bernard   (22  and  23), 
found  an  interesting  series   of  cases  .      In  the   species    studied, 

the   subepidermal  primarj'-  archesporial   cell  becomes    the 
definitive  archesporial    cell  v/ithout    cutting  off  a  parietal, 
or   tapetal   cell.      In  Burmannia   Championii   this   forms    some- 
times   three,   but  usually  four  megaspores,   and   then  a  typical 
eight-nucleate   embryo   sac   develops    from  one  of  these,   while 
the  remaining  tv/o   or  three   degenerate.        In  3.   Candida  the 
definitive  archesporial   cell  divides   to   tv;o   cells,   the   chal- 
azal  one  giving  rise   to   a  typical  eight -nucleate   embryo- 
sac,   while   the  other   degenerates.        The   division  of   the   de- 
finitive arcliesporial   cell   is    the  heterotypic   reduction  di- 
vision   ;      therefore,  the  cell,  v/hich  gives   rise  to  the  embryo 
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sac,    is   the  morphological  equivalent   of  two  megaspoi-es  .     In 
B,    coelestis ,   as  a  rule,    the   definitive  archesporial  cell  de- 
velops  directly   into   the   embryo   sac,  without   cutting  off  any 
non-functional  megaspores  .     A   typcial  eight -nucleate   embryo 
sac    is  developed  here  from  the  morphological  equivalent   of 
four  megaspores .      It   is   interesting  to    note  here  that  the 
end   product   in  all   three    cases    is  a  tj-pical   eight -nucleate 
sac,   v;hether   it    is   daveloped    from  one  megaspore  or  from  the 
morphological   equivalent   of  tv/o   or  of  four  megaspores. 

In  the   genus   Euphorbia,   tv/o   species,  B.  procera, 
and  E.  palustris ,   both  investigated  by  Modilewski    (51,    52, 
and   53),  have  sixteen-nu cleat e   embryo   sacs,   lAdiile  at   least 
thirteen  other  species  of  the   same  genus,   investigated  by 
the  same   author,  have   typical   eight -nucleate   embryo   sacs.     The 
latter   condition  was    found  in  Ricinus ,   Phyl Ian thus ,    Securin- 
ega,   and  Grotpn ,    four  rels,ted   genera  belonging  to   the  same 
family,    the  Euphorbiaceae . 

Within  a   single    species   there  ia   sometimes   striking 
variation,   as    in  Epipactis   pubescens    (Brovm  and  Sharp,    5), 
vAieve  usually  the   embryo   sac  arises    from  the   innermost  one 
of  three  megaspores,    but   in  other    cases   four  megaspores   take 
part   in  the  formation  of  the   sac.      The  authors   further  state 
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that  there  is  some  evidence  that  the  errCoryo   sac  may  at  times 
"be  derived  from  two  megaspores  .  In  Salix  ^laucophylla 
( Chamber lain, 11)  there  is  even  greater  variation  than  in 
Epipactis  pubescens  . 

That  the  origin  of  the  emhryo  sac  from  the  morphologi- 
cal equivalents  of  four  megaspores  as  found  in  Peperomia 
is  a  derived  condition  rather  than  primitive,  is  further  in- 
dicated by  the  following  considerations: 

(1)   The  vast  majority  of  the  embryo  sacs  of  Angio- 
sperms  arise  from  a  single  megaspore,  and  the  exceptions 
are  not  limited  to  plants,  v/hich  for  other  reasons  are  knovn 
to  be  primitive.   The  sixteen-nucleate  sacs,  viiich  have 
pretty  certainly  arisen  from,  four  megaspores,  are  distributed 
among  four  families  of  dicotyledonous  plants,  the  Piper- 
aceae,  the  Haloragidaceae ,  the  Penaeaceae ,  and  the  Euphor- 
biaceae,  none  of  viaich  except  the  first  has  been  considered 
primitive . 

The  eight -nucleate  embryo  sacs,  v/hich  have  arisen 
from  four  megaspores  or  their  morphological  equivalents,  are 
found  in  v/idely  separated  families  of  both  monocotyledonous 
and  dicotyledonous  plants  .  They  occur  in  Typha  (Typhaceae). 
according  to  Schaffner  (62),  Lemna  (Lemnaceae)  according  to 
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Ca  Id  we  11  (8),  Lilium  (Liliaceae)  accordin/^  to  Coulter  (12) , 
Epipactis  ( Orch i daceae )  according  to  Brov.n  and  Sharp  (5), 
Piper  (Piperaceae,)  ac cording  to  Johnson  (33  and  36),  Salix 
(Salicaceae)  according  to  Cham"ber lain  ( 11 )  ^  Juglans  (Jug- 
landaceae)  accordinp;  to  Karsten  (39),  Avicennia  (Verbenaceae) 
according  to  Treub  (78),  and  Aphyllon  (Orobanchaceae )  ac- 
cording to  ?Jiss  Smith  (68). 

While  it  may  be  doubted  )^. ether  the  embr;'"o  sac  is 
the  product  of  four  megaspores  or  their  morphological  equi- 
valents in  all  cases  mentioned  above,  it  certainly  cannot  be 
doubted  in  cases  like  Epipactis  (Brov^n  and  Sharp,  5)  and 
Smilacina  (  McAllister,  46). 

(2)   In  none  of  the  heterosporous  plants  belov;  the 
angio sperms ,  is  the  gametophyte  kno^m  to  be  a  product  of 
the  fusion  of  four  germinating  megaspores  , 

The  endosperm  nucleus  of  Peperomia  in  its  origin  from 
several  nuclei  shovs  a,  derived  rather  than  a  primitive  con- 
dition, for  nothing  of  this  kind  is  found  in  other  angio- 
sperms  v;hich  are  considered  primitive  or  in  the  hetrospor- 
ous  plants  belov;  the  Angiosperms  . 

The  endosperm  of  Peperomia .  which  is  cellular  from 
the  start,  exhibits  in  this  condition  a  feature  v.hich  is 
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secondar3'"  rather  than  a  characteristic  that  is  priiuitive  among 
angiosperms  . 

The  primary  archesporial  cell,  vAiich  is  single  in 
Peperomia,  represents  a  less  primitive  condition,  according 
to  Kornicke  (41),  than  the  rnulti cellular  archesporium  which 
is  found  very  inuch  more  commonly  among  the  more  primitive  of 
the  dicotyledons  than  ai'aong  the  higher  groups  .  The  evidence 
for  tiiis  view  has  a,lso  "been  "oriefly  reviewed  by  Coulter  and 
Chamberlain  (14,  p.  60). 

Representatives  of  all  four  families  of  the  order 
Pipera.les  have  been  examined  in  an  attempt  to  ascertain 
v/hether  any  species  showed  an  intermediate  stage  betv."een 
the  embryo  sac  of  Peperomia  and  that  of  the  typical  eight - 
nucleate  embryo  sac,  and  to  see  whether  any  feature  of  the 
development  of  the  embryo  sac  confirmed  the  view  that  Pepero- 
mia  is  primitive. 

Of  the  Piperaceae^  besides  the  genus  Peperomia,  four 
species  of  Piper  have  been  examined,  —  three  by  Johnson (53 
and  36)  and  one  by  the  v/riter  and  reported  in  this  paper.  All 
four  have  been  shovsi  to  have  eight -nucleate  sacs,  v^aich  de- 
velop directly  from  the  definitive  archesporial  cell,  — 
no  non-functional  megaspores  being  form.ed.  ITo  other  con- 
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ditiori  }ias   "been   found   in   t}n.s   genus.      As   was   pointed  out, 
the    reduction    in  the   number  of  /venerations   fror.i  the   defini- 
tive  archesporial  cell   to   the  mature    enbryo   sac   has  proceeded 
one    step   farther   in   this   genus   than   it   has   in  the   Peperomia. 

Of  the   Saururaceae,    species   of   Saururus,   Anemiopsis, 
and  Houttuynia.   have  been    examined  by  Johnson    (32   and   34),    and 
Houttuynia  by  Shibata  and  L'iyake    (67),    and  it   is   found  that 
one   or  more   non-functicnal  megaspores    a.re   cut   off   and  that   in 
all   cases   typical   eight-nucleate   embryo    sacs   are    formed  from 
single  megaspores. 

Of  the  Lacistemaceae,   Lac i sterna   (Johnson, 54)    shcrs 
a   typical   eight-nucleate    embryo   sac   derived  from  a   sinde 
megaspore. 

Of  the   G hi 0 r an t ha c ea e ^      Hedyosmum    (Johnson ,    34)    and 
Chloranthus    (Armour,    l)    have   been   examined,    each  of  which 
shows   a   typical    eight-nucleate   embryo    sac   which  arises   from 
a   single  megaspore. 

A  mode   of  origin  and.  development   of  the   embryo   sac 
which  v;culd  confirm  the   idea  that  Peperomia   is  primitive, 
has  not  yet  been  found   in  any  other  genus   of   the    order  Piper- 
ales  . 

Finally,   when  we   consider,    (l)    that   the   primary  arche- 
sporial cell   of  Peperomia   is    single,    -   a  condition  probably 
derived    ;      (2)    that    the   first   four  nuclei   of  the    embryo   sac 
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are probably  homologous   v/ith  negaspores  ,    certainly  not   a 
primitiTe   feature,    (3)    that   the  peculiar   origin  of  the   endo- 
sperm nucleus  here  probabl^^  represents  a  deiived   condition, 
(4)   that   an   endosperm  v;hich   is   cellular   from  the   start    cannot 
be  regarded  primitive    ;      and    (5)    th^t  none   of  the    close  rela- 
tives  of  Peperomia   furnish  any  indication   from  the  develop- 
ment  of  the   embryo   sac   that   the  genus    is  primitive,  we  are 
inclined   to    accept   the  view  first   advanced  liy  Johnson    (31) 
and  since   confirmed  by  other   workers    (Brown,    4  and  Samuels , 
60)   that   the  peculiarities    in  origin  and  development,   of  the 
embryo    sac   of  Peperomia  have  been  secondarily  acquired. 


SUMMARY. 

The  primary  archesporial  cell  is  single  and  sub- 
epiderirBl   in  all   species    of  Peperomia  examined. 

The  nucleus  of  the  definitive  archesporial  cell, 
or  embryo  sac  mother-cell,  goes  into  synapsis  before  its 
first   division. 

Evanescent    cell-v.'alls    occur  follo^Ting  the    first  and 
second  nuclear   divisions   in  the    embryo   sac,    in  all    six 
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of  the  species  of  which  the  material  ^vas  most  complete. 

The  mature  sac  contains  sixteen  nuclei,  one  of  vfcich 
functions  as  the  egg  nucleus,  one  as  that  of  the  single  syner- 
gid ,  from  six  to  nine  others  fuse  to  form  the  endosperm  nu- 
cleus, and  the  renaindsr  are  individually  cut  off  by  cell- 
walls  about  the  periphery  of  the  sac  and  afterwards  degene- 
rate . 

The  endosperm  is  cellular  from  the  atart. 

The  embryo  is  undifferentiated  externally  except 
for  a  slight  flattening  on  the  micropyler  side. 

In  Piper  tuberculatum  we  have  a  typical  eight -nu- 
cleate embryo  sac,  developed  directly  from  the  definitive 
arechesporial  cell,  -  no  degenerating  megaspores  being  form- 
ed. 

That  the  first  four  nuclei  in  the  enbryo  sac  of 
Peperomia  are  homologous  v;ith  megaspore  nuclei,  seems  extreme- 
ly probable  from  the  follovdng  facts:-   (1)   They  arise 
from  a  cell  itiich  with  very  little  doubt  may  be  considered  a 
megaspore  mother-cell  ;   (2)  They  are  arranged  tetrahedrally; 
(3)  The  tetrad  is  complete  in  number;   (4)  The  larger  than 
usual  number  of  nuclei  in  the  mature  sac  is  in  harmony  vath 
this  view  ;   (5)The  reduction  of  chromosom.es  occurs  in  the 
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divioions  which  give  rise  to  these  four  nuclei  ;   (6)  A  rest- 
ing stage  follo\vs  the  foxiaation  of  these  four  nuclei;  and 
(7)  Eranescent  cell-walls  frequentl;^  follow/  the  first  and 
second  divisions  in  the  enhryo  sac,  but  not  the  third. 

In  view  of  the  following  considerations:  (1)  Tlmt 
the  primary  archesporial  cell  of  Peperomia  is  single,  -  a  con- 
dition probc-bly  derived  ;   (2)  That  the  first  four  nuclei 
of  the  embryo  sac  are  probs^bly  homologous  with  raegaspores,  - 
certainly  not  a  primitive  feature  ;   (o)  That  the  peculiar 
origin  of  the  endosperm  nucleus  here  probably  represents 
a  derived  condition;   (4)  That  an  endospei7!i  \'iiich  is  cel- 
lular from  the  start  cannot  be  regarded  primitive  ;  and  (5) 
That  none  of  the  close  relatives  of  Peperomia  furnish  any 
indication,  from  the  development  of  the  embryo  sac,  that  the 
genus  is  primitive,  the  writer  is  inclined  to  believe  that 
the  peculiarities  in  origin  and  development  of  the  embryo 
sac  of  Peperomia  have  been  secondarily  acquired. 
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this  study  possible.  I  am  under  obligation  to  Pr.  Charles 
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Brooklyn  Institute  of  Arts  and  Sciences,  Cold  Spring  Harbor, 
Long  Island,  Hew  York,  for  the  use  of  a  room  in  the  Research 


Laboratory  of  that  Institution  in  1911  ;   to  Captain  John 
Donnell  Smith  for  the  use  of  certain  "books  from  his  library; 
to  Dr.  Casimir  de  Candolle  for  determining  specimens  of  the 
plants  studied  ;   to  Krs  .  Bessie  V/iley  Pisher  v/ho  carefully 
made  the  majority  of  my  slides  ;   and  to  Professor  !> .  S . 
Johnson  vAio   collected  a  large  portion  of  the  material  and  to 
vihon   I  am  also  greatly  indebted  for  helpful  criticism  through- 
out the  work . 
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EXPLAmTIOIT  OP  PLACES. 

All   figures   are   canera  drawings    except   Pigs.   25,    26, 
and  all  are   from  micro tome   sections   except   Pigs.    25,    26,    36. 
Tile  magnification  given   in   the  description  of  each   figure   is 
that  actually  shov;Ti  by  the   figure  as   printed  on  the  page. 

Pigs.   1-19.     Peperomia   r3f lexa  . 

Pig.   1.     Longitudinal  section  of  micellus   showing 
primary  archesporial   cell.     X  835. 

pig,   2.     Longitudinal  section  of  ovule  shovang  de- 
finitive    archesporial,   or  erihryo   sac  mother-cell,  and  parietal 
or  tapetal   cell.     X  835. 

Pig,   3.     Longitudinal   section  of  nucellus   containing 

mature  enhryo  sac  mother-cell  and  two-layered  tapetuxa.     X  835, 

0-ra.ct 

Pig.  4.     Longitudinal  section  of  carpel  showing  nu- 

emvyo  sa.c  moirher-celf-,  imm.«."ku.re 

cellus , ^integument ,  micropyle,  stylar  canal,  and  stigma  .  XfO. 

Pig.  5.  Longitudinal  section  of  definitive  arche- 
sporial cell,  or  en'bryo  sac  mother-cell,  the  nucleus  shovang 
synapsis ,  X  835 . 

Pig,  6.  Nearly  longitudinal  section  of  a  two- 
nvicleate  embryo  sac  showing  evanescent  cell-v;all.  X  835. 
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"Fig,   7.     Longitudinal   section  of  a  four-nucleate   em- 
bryo  sac  showing  tetrahedral  arrangement  of  the  nuclei.  X  835, 

Pig.   8,     Longitudin8,l  section  of  a  four-nucleate 
embryo   sac  shov.lng  evanescent    cell-v.'all.     X  835. 

Pig,   9.     Longitudinal  section  of  an  eight -nucleate 
embryo   sac,     X  835. 

Pig,   10.     Longitudinal   section  of  an  embryo   sac    con- 
taining sixteen   free  nuclei.     X  835. 

Pig.   11.     Longitudinal  section  of  a  mature  embryo 
sac  shovang  group   of  endosperm  nuclei.     X  835. 

Pig,   12.      Group  of  eight  nuclei  almost    completely 
fused   to   form  the   endosperm  nucleus    (from  transverse   section 
of  spike) .     X  835. 

Pig,   13.     Longitudinal  section  of  an    embryo   sac 
shov.lng  egg,   two   peripheral  nuclei,  and  two-celled  endosperm, 
X   835, 

Pig.   14.     Longitudinal  section  of  an   enbryo    sac   shov/- 
ing  male  nucleus   within  the   egg,   but   not  yet   fused  with  the  egg 
nucleus ,   also   the  single  ssmergid  and   the  several   celled  endo- 
sperm,    X   580, 

Pig.  15.     An   embryo    shovdng  four   cells   in  longitudi- 
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nal  section;      endosperm  several-celled.     X  580. 

Pig.   16.     Longitudinal  section  of  mature  embryo   and 
endosperm.     X   375. 

Pig.   17.     Longitudinal  section  of  immature  fruit 
sho'7ing  how  far   it   is   sunk  in  the  axis  at   this   stage.     X 

Pig.   18.     Longitudinal  section  of  a  mature   fruit 
shov.lng  hov;  far  it   is    sunk  in  the  axis.     X   62   l/2. 

Pig.  19.        Hj^dathode   and  hair  from  a  transverse   sec- 
tion of  peduncle  of  spike.     X  275. 

Pigs.   20-28,  Peperomia  verticillata  . 

Tra.nsirerse  **   K>oHen-sa.c 

Pig,   20.     Lonf;itudinal   section   of   otoimon  showing 

tapetum  and  tetrads   of  microspores  .     T.T3S: 

pig.  21.     Longitudinal   section  of  ovule   sYioxilng  pri- 
mary archesporial   cell    ;      the   integument  just   started,     X  580. 

Pig.   22.     Longitudinal  section  of  an  emhryo    sac   con- 
taining sixteen  free  nuclei.     X  835. 

Pig.  23.     Longitudinal  section  of  young   carpel   con- 
taining a  loTaed  ovule,     J.  Z7S'. 

Pig.   24.     Longitudinal  section   of  lotied  ovule,   older 
stage   than  preceding.     7i  loZ-k- 

Pig.   25.     Lateral  exterior  viev;  of  a   reconstruction  of 
a   lobed  ovu.le  .     X  100  . 
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Pig.   26.     Tiredian   longitudinal  section  of   the  pre- 
ceding,  shO'.ang   integument  and  embryo    sac   of  the   fertile   lo-oe  . 
X   100. 

Pig.   27.     Transverse   section  of  a  loloed   ovule,    show- 
ing position   of  enilDryo   sac    in  small   fertile   lobe.     X  275. 

Pig,  28.     Longitudinal  section  of  a  deformed  seed  de- 
veloped from  a  lobed  ovule.     HCZ-^' 

Figs.   29-35,   Pep_e_roiaia_  scandens  . 

Pig.   29.     Nearly  longitudinal  section  of  a  tv/o- 
nucleate   embryo    sac,   shov.lng   the   cell-plate,    viiich  is   the  be- 
ginning of  the   evanescent   cell-vra,ll.     X  835. 

pig.   30,     Transverse  section  of  tiro-nucleate  embryo 
sac   shovang  evanescent   cell-vra,ll.     X  835. 

Pigs.   31-32.     Longitudinal  sections  of  two-nucleate 
embryo-sacs   shov.lng  evanescent   cell-walls.     X  835. 

Pig.    33.     Longitudinal  section   of  a  j^ou  ig  carpel  show- 
ing how  far   it    is   sunk  in   the  axis  Z  (^1^- 

Pig.   34.     Longitudinal  section  of  a  mature  fruit, 
shov.lng  hov;  far   it  is    sunk   in  the  axis.     X   52  l/2. 

Pig.  35.  Longitudinal  section  of  the  upper  part 
of  an  e":bryo  sac,  showing  tlie  egg  and  the  single  synergid. 
X   835. 
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I'ig.   36,     Peperomia  metallica. 
Pig,   36.     Lateral  view  of  an   intei-rupted  flower- 
spike,   shov/ing  zone   of   siaall  vegetative  leaves,     X  1   l/6. 

I'ig.   37.     Peperoaia  "blanda. 
Fig,    37,     Longitudinal  section  of  a   four-nucleate 
ern'oryo    sac,   shovvlng  evanescent   cell-virall,    .X  835'. 

Pigs  ,    38-44  .     Piper   tuberculatusi, 

Pig.   38.     Lorigitudinal   section   of  young  ovule, 
shovang  primai-y  archesporial   cell    ;      integuments   not  yet  started, 
X   835. 

Pig,  59.  Longitudinal  section  of  a  slightly  older 
ovule,  in  which  the  priina,ry  archesporial  cell  lias  divided  to 
the  definitive  archesporial   cell   and   the  parietal   cell.  X  835, 

Pig,  40,     Longitudinal  section  of  slightly  older 
ovule,    shov/ing  definitive  archesporial  cell   or  eribryo    sac  siother- 

cell    ;      the  parietal   cell  has   divided  forming  tapetum  four 
cells   thick.     X  835 . 

pig.  41.     Longitudinal   section  of  nucellus  ,   show- 
ing two-nucleate   embryo    sac.     X  835. 

Pig.  42.     Same   as  preceding  in  outline  with  addition 
of  integuments.     X  275. 

Pig.   43.     Longitudinal  section  of   four-nucleate   embryo 
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sac,  showing  the  linear  arrangement  of  the  nuclei,  X  835. 
Pig.  44.  Longitudina,!  section  of  eight -nucleate 
erabryo  sac,  the  two  polar  nuclei  fusing  to  form  the  endosperm 
nucleus  .  X  835 . 
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